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I.  A  Differ  tat  ion  on  the  Hiflory  of  Sugar .  By  Profeffor 

Beckman 

TThOUGH  Saumaife,  Voflius,  Deufingf,  and  other 
learned  men  have  written  on  the  hiftory  of  fugar,  yet  no 
one  who  has  read  and  examined  the  opinions,  dilputes,  and 
arguments  of  thpfe  authors  will  deny  that  it  is  ftill  very  de- 
‘fe&ive  and  obfcure.  For  this  reafon,  and  as  no  article  of 
commerce,  whether  we  confider  the  immenfe  quantity  of 
it  ufed  in  different  parts  of  the  world,  the  great  number  of 
perfons  employed  in  the  cultivation  of  it,  or  in  preparing 
and  felling  it,  or  the  large  fums  expended  annually  in  the 
purchale  of  it,  feems  more  worthy  of  having  the  hiftory  of  it 
cleared  up,  I  refolved  to  try  whether,  after  the  attempts  of 
fo  many  writers,  I  could  produce  any  thing  new  or  certain 
on.  the  fubjeft;  efpecially  as  many  new  obfervations,  which 
may  have  efcaped  thefe  authors,  can  now  be  drawn  from 
books  of  travels,  and  works  on  natural  hiftory.  It  may  alfo 
happen,  that  what  the  antients  have  faid  on  the  fubjecft  can 
be  rendered  clearer  and  more  intelligible  by  a  new  revifionj 
for  the  hiftory  of  fugar  has  been  involved,  by  learned  men, 
in  fuch  a  confufion  ot  words  and  things  foreign  to  it,  that  it 
eofts  no  little  time  and  labour  to  feparate  truth  from  proba¬ 
bility.  '  ‘ 

As  our  fugar  is  the  eflential  fait  of  that  plant  called  by 
botanifts  faccbarum  officinarum ,  or  arundo  J'accbarifera ,  the 
queftion  whether  this  plant  was  indigenous  in  that  part  of 

'■■■'  From  the  ‘TranfaSlions  of  the  Royal  Society  of  Gottingen ,  vol.  v. 

p  Salmaiii  Exercitationes  Pliniana?,  p.  716.  916.;  and  Exercitationes 
de  Homonymis,  p.  109. 

If.  Vollii  Obfervationcs  ad  Pompon.  Melam :  Hagcs  Comit.  1658.  4to„ 
p.  268. 

Antonii  Deufingii  Fafciculus  DilTertationeim  :  Groningce  1660.  nmo; 
p.479.  Theophrafti  Hift.  Plantarum  illuftrata  a  Joh.  Bodeo  a  Stapeh 

Arrjlelodami  1664,  p.  109.. 
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the  world  known  to  the  antients,  ought  to  be  difcufied  before 
,we  inquire  whether  the  antient  Greeks  and  Romans  were 
acquainted  with  fugar;  for,  if  it  could  be  proved  that  the 
fugar  cane  was  transplanted  in  modern  times  from  the  new 
to  the  old  continent,  there  would  be  no  oqcaiion  for  difpute. 
But  this  point,  as  might  be  eafiiy  fhown,  has  been  neglected 
by  mod  of  thofe  who  have  attempted  to  write  on  the  hi  dory 
of  plants ;  and  inch  an  error  has  been  lately  committed  by 
a  man  of  learning,  who  entered  into  a  difcuffion  refpefting 
the  Greek  and  JLatin  names  of  the  potatoe  ( tuherofum  Jo- 
lanum ),  which,  without  all  doubt,  was  tranfplanted  into 
Europe  from  South  America.  In  regard  to  the  fugar  plant, 
it  is  indeed  ter  fain  that  it  grows  fpontaneoudy  in  many  parts 
of  Afia  and  Africa;  for  it  can  he  ehablifhed,  by  incontro¬ 
vertible  proofs,  that  fugar  was  made  in  Europe  before  it  was 
known  in  America  *.  It  is  poffible  that  the  Greeks  and  the 
Roman's  may  have  been  acquainted  with  a  plant  abounding 
with  fweet  and  plcafant  juice  which  grew  fpontaneouily  in 
various  places;  and  as  the  word  faccharum ,  which,  without 
doubt,  fignifes  fome  fweet  juice,  occurs  frequently  in  the 
writings  of  the  antients,  it  is  worth  while  to  inquire  whether 
the  J'accharum  of  the  antients  was  the  fame  as  that  which  we 
ufe  at  prefent. 

What  the  antients  called  faccharum ,  faheharon ,  fakchar> 
or  flkchari ,  was  a  white  fub fiance,  fimilar  in  confidence  to 
fait,  and  which,  like  fait,  broke  under  the  teeth.  It  had  a 
fweet  tafte,  but  lefs  fo  than  common  honey.  It  was  found 
in  Arabia  Felix,  but  the  bed  was  found  in  India;  and  it  was 
brought  alfo  from  the  remoted  parts  of  Arraee  and  the  coun¬ 
try  of  the  Borygazi.  It  was  not  made  by  art,  but  was  pro¬ 
duced  by  a  reed,  in  the  form  of  gum,  or  adhering  to  the 
canes  in  natural  concretions.  The  larged  of  thefe  with  which 
the  antients  were  acquainted  were  in  dze  equal  to  about  that 
of  a  walnut.  In  the  time  of  Pliny,  Diofcoridcs,  and  Galen* 
it  was  employed  only  in  medicine  f. 

This 

*  Voyages  dc  Monf.  Chardin,  a  Rouen  1723,  Svo.  vol.  iv.  p.  34: — Quant 
an  fb'Cre,  je  crois  qu’il  y  eti  a  eu  de  tout  terns  aux  Indes.  Je  fai  bien  que 
cela  eft  fort  contefte, —  mais  je  trews  le  contraire,  ronde  fur  ce  que  le  lucre 
croit  partbut  dans  les  Indes  abondamment,  aife  merit,  excellemment,  et 
non  pas  com  me  lies  fruits  que  Ton  tire  des  pais  eioiynez,  qui  ne  viennent 
jamais  ii  bien,  loriqu’its  font  tranfplantez  loin  de  leur  fol.  Une  autre 
raiion,  que  j-’ai  encore  plus  forte,  c’eil  que  le  lucre  fe  trouve  nomme  et 
ordonnd  en  cent  endroits  dies  aaciens  e-erits-  de  medecine  Indicns,  Peifans, 
et  -Arabes. 

,f  Plinii  Hifi.  Nat.  lib.  xii.  c.  8,  edit.  Hard.  vol.  i.  p.  659  :  Saccharoa 
et  Arabia  fert,  fed  laudatius  India;  eft  autem>  mel  in  arundinibus  collec- 
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This  is  all  that  the  antients  have  left  us  in  their  writings 
refpe&ing  faccharum.  It  is  indeed  (hort  and  defective,  but 
let  us  try  what  certain  information  can  be  drawn  from  it. 
The  name  itfelf  is  of  no  importance  in  determining  the  ques¬ 
tion,  for  antient  names  have  often  been  applied  to  new  things 
with  which  the  antients  were  unacquainted.  Tor  this  reafon 
then,  though  the  name  be  the  fame,  there  may  be  a  great 
difference  between  our  fugar  and  that  of  the  antients.  Nor 
can  any  arguments  be  adduced  from  the  origin  of,  the  word, 
finee  i-t  is  altogether  unknown,  and  as  there  are  fome  who 
believe,  and  not  without  reafon,  that  this  appellation  was 
given  to  various  vegetable  juices  found  naturally  in  a  con¬ 
crete  date  on  the  plants  which  produced  them*. 

The  plant  which  produces  our  fugar,  as  well  as  that  which 
produced  the  faccharum  of  the  antients,  may,  in  fome  mea¬ 
sure,  he  referred  to  that  elafs  of  plants  called  in  general  reed$ 
fir  undines),  and  grows  in  the  fame  parts  of  the.  Taft  Indies 
and  Arabia  from  which  the  antients  procured  theirs.  But 
their  faccharum  was  not  formed  from  the  exprefied  juice,  as 
is  the  cafe  with  that  which  we  ufe  at  prefent,  but  was  col¬ 
lected,  in  the  manner  of  a  gum,  upon  the  reeds  themfelves. 
This  circumftance,  however,  may  even  be  called  in  queftion 
by  thofe  who  with,  to  fearch  only  for  truth,  and  to  i'eparate 
w  hat  is  certain  from  what  is  doubtful.  For  Galen  himfelf 


turn  gummium  modo,  candidum,  dentibus  fragile,  ampliftirnum  nilcis  avel- 
lanse  magnitudine,  ad  medicinse  tantum  ufum. 

Biofcorldes  dt  Medlca  Materia ,  lib.  ii.  c.  J04,  editx  Saraceni,  p.  ri2: — 
KeiXgjTotx  &£  rt  Hat  erwx^apov,  a  $oq  ov  fxe\noq  £V  IvS'xa  GsinrqyOToq  teat  t r,  Eutfctipxcvt  Apa- 
Cxf,  £yp<2-xo/x.£vov  £7 r<  t mV  xct\a fxocv }  ofxoiov  t rt  crvq’a.o-u  clKctI)  y.a.i  %pavo/x evov  vtto  too; 
efovn  xaSavep  ox  ateq.  Eft  et  quoddam  mellis  conercti  genus,  quod  laccha- 
rum  noipinaiur,  quodque  in  India  et  Felici  Arabia  in  arundinibus  repe- 
ritur,  conhfte i-tia  l'ali  ftmile,  ac  dentibus  etiam  Elis  modo  fragile. 

Galenus  de  Simpl.  Medic.  Facultat.  lib.  vii.  c.  9.  edit.  Charrerii,  vol.  xiii. 

p.  2074  Kaj  to  caxyap  xa'KovfXt vov  oTrep  e£  IvS'xa?  Tf  xat  t*iq  Eu^ai/xovoq  A paQtaq  xo/xi^erai. 
nepiTTny/uTai  px ev  icq  (part,  KaXa/ustq,  eq-i  h  tx  xax  auto  fxeXnoq  etfoq.  bvTOV  (xzv 
e?-.v,  >? to  map  h/xiv  y\uxu.  Sed  et  faccharum,  ut  vocant,  quod  ex  loria 
atque  Felici  Arabia  convehitur,  concrefcit  quidem,  ut  aiunr,  circa  calamos, 
et  iplum  mellis  eft  fpecies  minus  certe  noftrate  dulcis,  fed  allimiles  ei  vires 
obtinens,  Sec.  I 

Arriani  Periplus  Maris  Erythrcea ,  edit.  Stuckii,  p.  5  :  E^aprt^erai  S'E  cvvriBwq, 
Xttx  citto  tmv  Esra  tottmv  Tnq  Apia::r,q  xat  B apvya^ocv,  et q  to,  auto.  to.  mepav  ejxnrcpici, 

yen  mpoyvpot/VTa  an to  tcuv  tottccv  trtToq  xat  opv^a - xai  fXE~Ki  to  xaXapxtvov,  to  Xe- 

yofxev ov  crax^apj.  Ex  intimis  locis  Ariaces  et  Barygazorum,  m  haec  eadem 
ulteriora  emporia  ex  more  folito  devehuntur  variae  res,  ut  frumentum 
oryza — et  me!  arundineum,  quod  faccharum  dicitur. 

*  Tlie  celebrated  Plaz,  in  Program,  de  Saccbaro ,  Lip  fisc  1765,  adduces 
the  opinion  of  Reilke  refpefting  the  name  fuerar,  viz.  that  it  is  of  Perftan 
or  Indian  and  not  Arabic  extraftion  ;  and  that  it  was  brought,  together 
with  the  thing  fignifted,  from  India  to  Arabia. 
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feems  to  have  entertained  fome  degree  of  doubt  when  he 
fays, — cc  it  forms  itfelf  into  concretions,  as  we  are  told ; 
around  the  reeds.”  This  account  alfo  may  be  rendered  flill 
more  fufpicious  when  we  reflect  upon  the  many  ridiculous 
things  which  both  the  antients  and  moderns  have  related  re- 
fpe&ing  articles  brought  from  diftant  countries  by  merchants, 
who,  for  the  mod;  part,  are  interefted  in  concealing  the  real 
nature  of  their  merchandize  under  falfe  accounts.  Nor  do 
I  fee  any  arguments  to  confute  thofe  who  might  affert  that 
Pliny  and  Diofcorides  were  deceived  by  merchants  ;  fo  that 
thefe  two  naturalifts  believed  the  faccharum ,  which  was  an 
expreffed  juice,  c.ondenfed  by  art  and  the  help  of  fire,  to  be 
a  certain  kind  of  gum.  This  doubt  I,  indeed,  cannot  re-* 
move;  but  let  us  try  whether  we  can  produce  any  thing  fa- 
tisfa&ory  by  adopting  Pliny’s  opinion,  that  the  antient  fac-t 
charum  was  the  work  of  nature,  and  not  of  art.  I  fliall 
therefore  inquire  whether  our  fugar-cane  ever  produces  fugar 
fpontaneoufly ;  which,  indeed,  feems  not  at  all  improbable, 
fince  we  have  camphor  both  in  a  natural  Hate  and  produced 
by  art.  This  queftion,  indeed,  may  be  determined  by  the 
teflimony  of  thofe  who  in  India  have  made  this  an  object  of 
their  attention. 

Hernandez,  in  a  book  which  he  wrote  on  the  plants  of 
Mexico*,  relates  that  he  had  heard  that  fragments  of  fugar 
were  found  fometimes  adhering  to  the  tops  of  the  canes. 
Matthiolusf  alfo  fays,  that  he  had  heard  from  men  worthy 
of  credit,  who  had  vifited  the  ifland  of  St.  Thomas  and 
Madeira,  th 9. t  in  thofe  iflands  the  fugar  is  found  in  a  con¬ 
crete  Hate,  like  gum,  on  the  fugar  canes,  by  the  exuding 
of  the  juice,  and  not  unlike  that  made  by  art  called  fugar 
candy .  John  Langius  J  faw  alfo  fugar  canes,  brought  from 

*  Hernandez.  Tbefaurus  Nova  Hifpania :  Romae  1651,  fol.  lib.  iv.  c.  14. 
p.  ii  1  : — Audio  nafci  fponte  fua  apud  Argentarium,  quod  vocant,  flumen 
arundines  facchaii,  arborum  magnitudine,  quibus  (quod  dixerat  Plinius 
in  vcteri  quoquc  orbs  evenire)  vi  i'olis  exprdli  l'accliari  orbiculi  fuprcma 
parte  ad  lucre  (cant. 

f  Matthioli  Opera ,  edita  a  C.  Bauhino  :  Bafiliae  1674, fol.  epiftol.  lib.  i. 
p.  76: — Sod  an  quid  pluribus  de  his  difputandum,  cum  multorum  tefti- 
monio  jam  notum  fit  in  infulis,  quas  Canarias  et  Divi  Thomae  appellant, 
in  iifdem  lane  calamis,  a  quibus  faccharum  exprimunt,  illud  etiam  per  fe 
gigni,  et  aperto  arundinis  latere,  manare,  et  gummi  modo  coalefcere  ?  qui¬ 
bus  facile  fubferibunt  ii,  qui  hoc  aevo  in  lndiam  navigant.  Etenim  ad 
BethecaEm  indiae  utrumque  jam  vendi  affirmant. 

X  /.  Langti  Ep/Jlolarum  Medicinalium  Vo  lumen  triparti  turn,  Hannoviae 
1605,  8vo.  p.  320:  Vidi  quoquc  ex  Madera  in  Hifpaniam  allatas  arundines 
quibus  faccharum  purum  accreverat  j  quod  feparatum.  ne  reliqui  dcco<5tio 
vileffiat,  non  nifi  magni  veneunt 
6  ^ 
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Madeira  to  Spain,  to  which  fugar  was  adhering  in  a  pure 
concrete  form.  Amatus  Lufitanus*  writes;  that  the  juice 
fornetimes  exudes  from  the  fugar  cane  and  concretes  in  the 
fame  manner  as  refin  or  gum,  and  not  unlike  lumps  of  fugar 
candy;  and  that  the  fame  thing  happens  not  only  in  India, 
but  in  Madeira,  the  ifiand  of  St.  Thomas,  and  the  Canaries. 
Bauhinf  likewife  tells  us,  that  there  are  fornetimes  found  in 
that  part  of  the  cane  called  by  modern  botanifts  the  eyes  of 
the  leaves ,  grains  or  tears  of  fugar,  of  the  fize  of  peas,  re¬ 
duced  to  a  concrete  ftate  by  the  heat  of  the  fun,  fornetimes 
pellucid,  and  fornetimes  candied  and  not  pellucid.  John 
Coftams  X  alfo  believes,  from  works  publifhed  in  India,  that 
the  fugar  is  produced  fpontaneoufly  on  the  canes  at  Bethecala 
in  that  country. 

That  no  doubt  may  arife  on  account  of  the  fize  of  the  con¬ 
cretions,  which  Pliny  fays  were  fornetimes  as  large  as  a  wal¬ 
nut,  I  {hall  here  obferve  that  this  might  be  eafily  accounted 
for,  fince  the  drops  adhering  to  the  leaves,  being  melted  by 
the  heat  of  the  fun,  might  fall  down  and  be  united  into  one 
mafs.  Manna  concreted  in  this  manner  was  feen  by  Nie¬ 
buhr  in  Arabia  §. 

We  have  therefore  a  fufficient  number  of  teftimonies 
which  feem  to  confirm  the  account  given  by  the  antients  of 
their  faccharum.  I  am  acquainted,  however,  with  no  later 
authors  who  faw  fugar  in  that  form ;  and  Humph  ||  denies 
that  any  of  this  kind  is  to  be  found  in  India  :  but  that  author, 
who  examined  with  great  attention  the  nature  of  the  fugar 
cane,  affigtis  a  reafon,  not  at  all  improbable,  why  fugar  is 
never  now  formed  fpontaneoully  on  the  canes.  The  planters, 
he  fays,  do  not  fuffer  the  canes  to  attain  to  a  fufficient  age 
for  the  exudations  to  be  produced,  becaufe  the  cane  every 

*  A  mail  Lnfitani  Emm' at  tones  in  Diofcoridis  tie  Mcdica  Materia  IJbros  : 

Argentor.  15^4,  4t<\  p.  227  s — Veteres  (accltarum  dixerunt  fal  in  arun- 
(limbus  collegium  ;  nec  ab  re,  cum  in  ipfis  arundinibus  non  quidem  hftu- 
loiis,  led  Iuccq  plenis,  magno  aeftu,  fuccus  foris  attrahitur,  ei  ibidem  ac 
refma  vel  gummi  in  ipfis  arundinibus  denlatur  ac  concrefcit,  firrtilis  omnino 
Taccharo  c;jndo  dibto,  hodic  arte  parato,  vel  fali  dulci,  unde  multi  ilium 
falem  Indicum  appellabant.  Nec  tantum  in  India  hoc  evenire  novimus ; 
fed  etiam  hodic  in  infulis  Madera:  et  b, Thomae  ac  Fortunatis  quas  Ca- 
narias  di£litanr, 

f  Cafp,  Bauhini  Theatrum  Botanicum  :  Baftlia  1 6 5 S ,  fol.  p,  29". 

|  Cojiasi  Annotat.  ad  Mejuar  Libr,  1.  Secret.  Med.  Dijin;  ft.  1,  in  initio: 
Saccharum  antiquorum  ex  eadem  planta  provenire,  ex  qua  noftrum  fac¬ 
charum  vulgare,  difces  ex  Ind’.se  commentariis ;  adhuc  enim  apud  Bethe- 
calam  India;  tale  videre  eft,  iifdem  arundinibus  fponte  adnafcens,  ex  quibus 
reliquum  purius  atque  impurius  conhcitur. 

§  Belchreibung  von  Arabien  :  Copenhagen  1772,  p.  146, 
jj  Rumphii  Herbarium  Amboinenfe,  pars  v,  p.190, 
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year  becomes  more  woody,  and  lofes  its  heft  juice.  Beftdes, 
he  thinks  it  probable  that  the  juice  might  exude  from  the 
canes  more  e&ftly  and  more  frequently  in  the  warm  regions 
of  Arabia  Felix  and  I  nd  oft  an  than  in  the  iflands  of  India, 
which  are  more  expofed  to  rains. 

There  are,  however,  ftill  other  caufes  of  doubt ;  for  even 
if  we  allow  that  the  fugar  cane  fometi  tries  produces  concre¬ 
tions,  yet  it  is  not  probable  that  they  poftefs  the  lame  pro¬ 
perties  as  thofe  which  the  antients  afcribe  to  theirs.  For 
example,  thefe  concrete  drops,  on  account  of  their  m  eft  eons 
nature,  ought,  according'  to  every  appearance,  to  be  rather  of 
a  vjleid  and  fticky  nature  than  brittle  ;  and  this  doubt  appears 
to  me  of  more  importance  than  that  propofed  by  fome  learned 
men  who  have  compared  the  medical  properties  of  the  antient 
and  modern  fugar.  For  though  fome  alcribe  the  fame  qua¬ 
lities  to  our  fugar  as  thofe  for  which  the  antient  phyficians 
extolled  theirs,  vet  manv  after  t  that  there  is  fo  great  a  differ- 
ence,  that  they  believe  the  two  fubftances  to  have  been  to¬ 
tally  different*.  But,  in  my  opinion,  there  muft  neceftariiy 
be  a  great  difference  between  frefh  fugar  formed  fpontane- 
ouflv,  and  juice  exprefted  by  great  force,  and  afterwards  in- 
fpiftated  by  the  help  of  fire,  and  purified  by  the  addition  of 
various  fubftances.  Many  particles  are  no  doubt  deftroyed 
by  boiling,  and  many  are  thrown  out  with  the  fcum,  as  the 
juice  cannot  otherwife  be  formed  into  a  cryftalline  mafs, 
fince  the  particles,  which  are  too  mucilaginous  and  oily,  and 
in  the  feparation  of  which  confifts  the  refining  of  fugar,  op- 
pofe  cryftalfization  too  much.  It  is  indeed  not  poffible  in 
any  other  manner  to  produce  our  common  white  fugar, 
which  is  forced  to  cryftallize ;  but  the  crvftals  are  exceed¬ 
ingly  fmall,  and,  by  their  cohefion,  form  a  continued  mafs. 
Befides,  all  thofe  who  ha,ve  made  experiments  on  the  nature 
of  new  fugar  found  in  it  all  thofe  medical  virtues  f  extolled 

fo 

*  Diofcor.  lib.  C.  Eft  fc  svxcaXsv,  S'teSsv  v$art  kcu  'etoI&ev  w^eXouvx v?iv 

y.cu  ve<ppov<;,  xuBoup gt  xai  to.  raq  HQpaq  tvria'XQTCinncL  STn^piOfAtvoy'. 
Eft  faccharum  alvo  idoneuru  et  ftomacho  utiie,  ii  aqua  dilutum  bmatur; 
vexatae  vero  veftcse  renibufque  auxiliatur  ;  quin  et  iilitum  ea  difcutit  quae 
pupillis  tenebras  offundunt. 

Galen  us,  lib.  c.  Saccharum  affimiles  melli  vires  obtinens,  quod  ad 
abftergendum,  deficcandum  et  digerendum  artinet ;  porro  quarenus  nec 
inimicum  ftomac;  o  eft,  ecu  noftras,  nec  fttim  atferens,ea  tenus  ab  illofub- 
ftantia  ditfert.  Conf.  Galeni  Methodus  Mtdendi,  lib  viii.  c.  4.  edit.Cbar- 
tei ii,  vol.  x.  p.  1 1,1. 

t*  See  P" oJJius  ad  Mel  am,  p.  271,  where  may  be  Found  the  following  quo¬ 
tation.  from  Julius  Landus  : — Arundines  incolae  (puto,  in  iniula  S.  Tho- 
^mae)  maturas  et  recentes  comedunt  jejuni,  voluptatis  gratia,  ac  etiam  ’his 

cauiiis,  ut  inquiunt,  quod  Folvunt  vefttrem,  jecur  refrigerant,  fitim 

auferunt. 


Differ tathn  on  the  Hiftory  of  Sugar.  g 

fo  much  by  the  antients.  Thofe  therefore  who,  from  the 
reafons  I  have  adduced,  may  be  inclined  to  believe  that  the 
fugar  of  the  antients  was  the  fame  as  that  now  in  ufe,  will 
be  readily  perfuaded  that  the  antient  fugar  differed  in  nothing 
from  ours  but  in  boiling  alone,  and  defpumation,  according 
to  the  phrafe  employed  by  chemifts. 

In  my  opinion,  the  antients  were  acquainted  with  a  certain 
fweet  fubftance  collected  from  reeds ;  but  it  cannot  be  proved 
in  a  manner  fufficiently  fatisfadforv'  that  it  was  the  tears  of 
the  fame  cane  or  plant  from  which  our  common  fugar  is 
procured  *  efpecially  fince  there  are  many  kinds  of  reeds  found 
in  India  which  exude  melleous  drops.  Left  this  conjecture 
Ihould  appear  to  be  too  remote  from  the  truth,  I  .{hall  relate 
what  a  jefuit  who  had  travelled  through  the  fouthern  part  of 
America  wrote  to  Francis  Mar.  Piccolo:  <(  That  in  India 
melleous  dew  was  fometimes  fo  common  that  it  formed  itfelf 
on  reeds  in  great  abundance,  and  might  thence  be  colledfed 
with  very  little  trouble.  He  tailed  thefe  drops,  and  found 
that  they  were  perfectly  fimilar  to  fugar  in  every  refpeCt  ex¬ 
cept  the  colour 

In  relating  the  accounts  given  by  the  antients  of  faccha - 
rum,  I  purpofely  omitted  the  words  of  Alexander  of  Aphro- 
difias  for  two  reafons  :  fir  ft,  becaufe  they  are  wanting  in  all 
the  Greek  editions  of  that  author,  and  are  found  only  in  the 
Latin  tranflatious ;  and  therefore  it  is  impoflible  to  fay  what 
his  opinion  wasf.  In  the  fecond  place,  I  omitted  the  paf- 

fage 

-  .  ■  .  r  V  f 

auferant,  albos  etiam  faciunt  dentes.  'Nimirum  res  eft  fuaviifima,  neque 
cum  iaccnari  arundinibus  qum  Romse  venundantur,  comparand^.  Puer- 
perae  etiam  utuntur  oft'a-ex  pane  primu-m  torrefacto,  deinde  in  fucci  arun- 
dinum  ultima  ccdtura  pofito.  Superaddunt  vitellos,  quod  is  cibus  amiflas 
vires  maxime  reficiat,  ac  ftotmehum  et  inteftina  recreet  ventremque  paul- 
latim  moiliat. 

*  Lettres  edifi antes  V.  Recueil,  p.  26 4  :  Dans  Je  mois  d’ Avril  de  May  ec 
de  juin,  :1  tombe  avec  la  rofee  une  efpece  de  marine  qui  fe  congele  et  qui 
s’endurcit  fur  les  feuilles  des  rofeaux,  tur  lefquelies  on  ia  ramaffe.  J  en 
ai  goute.  Elle  eft  un  peu  moins  blanche que  le  fucre;  mais  el ie  dn  a  toute 
fa  douceur. — We  are  told  aifo  that  the  fame  thing  takes  placs  in  the  king¬ 
dom  of  Chili.  See  Vidaure  in  Compendia  della  Sloria  Geograpbi  a  Natural e 
f  Civile  del  Regno  el  Chile ,  Bologna  1776,  8vo„  p.  13  ;  and  the  German 
tranflation,  Hamburgh  1782,  Svo.  p.  2.3. 

J-  Ale^andri  Aphodijij  Peoblemata ,  omnibus  Sludiofis  non  minus  utilia 
quam  lueunda,  Gyce  e  et  Latine  Joannis  Daccioni  Studio  illuJlraLa:  Pariftis 
1541,  1 2 mo.,  lib.  ii.  §  78.  p.  70.6: — Quod  facchar  Indi  appellant,  mellis 
coagulum  eft,  foie  cogente  rores,  converrenteque  ad  mellis  dulcedinem. 
Quod  idem  monte  Libani  fieri  certum  eft.  Fit  facchar  id  proximum  falis 
globulis,  candidum,  fragile,  vim  id  quoque  tergendi  purgandique  melli 
^.ftmilem  habet,  et,  codtum  ritu  mellis  noftratis,  non  seque  atque  incodftum 
purgare  poteft.  Cibo  tamen  ita  affumtum  aptius  ad  altndum  eft.— -There 
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fage  here  alluded  to,  becaufe  it  is  evident  that  Alexander  of 
Aphrodilias  thought  faccharum  to  be  the  fame  as  that  fub- 
fiance  called  at  prefent  manna ;  for  he  fays,  Mellis  coagulum 
eji  quod  facchar  Indi  appellant  quod  idem  in  monte  Libani 
fieri  certum  ejl.  But  Libanon  produces  fruit-trees,  and  not 
canes  that  yield  fugar.  And  we  are  told  by  Galen,  that  fuch 
abundance  of  honey  was  found  on  the  leaves  of  the  trees  and 
fhmbs  of  Mount  Libanon,  that  the  hufbandmen  ufed  to  ling, 

Jupiter  rains  honey  Alexander  of  Aphrodilias,  there¬ 
fore,  alluded  to  manna,  which  he  called  faccharum ,  or  fac¬ 
char  ;  but  manna,  though  it  has  an  affinity  to  fugar,  is  a 
fubftance  totally  different. 

But  it  is  poffible  that  the  antients  may  have  been  ac¬ 
quainted  with  fugar,  to  which  they  gave  fome  other  name; 
and  there  are  even  learned  men  who  think  that  fugar  is  to  be 
underllood  in  various  paffages  of  the  Greek  and  Roman  au¬ 
thors,  where  they  fpeak  of  honey  procured  from  reeds,  of 
Indian  fait,  and  of  a  fweet  liquor  obtained  from  the  roots  of 
canes.  There  can  be  no  doubt  that  the  antients  conlidered 
their  faccharum  as  a  kind  of  honey.  Whatever  was  fweet, 
the  antients  called  honey ;  and  for  this  reafon,  latter  ages 
beftowed  the  fame  appellation  on  every  thing  endowed  with 
peculiar  fweetnefs.  In  this  manner,  manna  is  called  aero- 
meli  by  Athenaeusf,  or  rather  Amyntas :  belides,  from 
manna  diluted  with  water  in  the  fame  manner  as  honey, 
they  made  a  kind  of  beverage  which  they  praifed  as  being 
fweeter  than  honey.  No  wonder  then  if  they  thought  fac- 
charum ,  which  was  found  in  fpontaneous  concretions  upon 
feeds,  and  colle&ed  in  that  form,  to  be,  as  well  as  manna, 

is  preferved  in  the  library  of  our  univerfity  a  very  fcarce  French  tranfla- 
tion,  entitled,  Les  Problemes  d'  Alexandre  Apbrodife. — tr adults  de  Grec  en 
Francois  par  M.  Heret,  a  Paris  1555,  8 vo,  where  the  preceding  pafiage  is 
thus  tranflated,  p.  93  ; — Ce  qu’on  appelle  lucre  d’Inde  eft  un  lopin  de  niiel 
fait  par  le  foleil  coagulaht  la  rofee,  puis  la  convertift  en  douceur  de  niiel, 
Ce  que  certamement  fe  fait  au  mont  de  Liban.  Cefucre  premierement  eft 
btanchi,  puis  devient  friable,  et  prefquc  Icmblable  aux  motes  de  fel.  Aufti 
ha  il  puiltance  de  nettoier  et  purger  lemblable  au  miel.  Mais  s’il  eft  cuit 
comme  le  miel  de  noftre  paVs  il  ne  peut  purger  ainft  que  s’il  n’eftoit  cuit; 
toutefois  fi  on  le  mange  en  cefte  fa^on,  il  eft  plus  propre  a  nourir.  Comp. 
Fabricii  Biblioth.  Greer  a,  vol.  iv.  p.  74. 

Galenas  de  Aliment .  Facultat.  III.  3S.  p,  119.  tom.  ii,  Batil .  1559  :  — 
Memini  me  aliquando  cum  aeftate  fupe'r  arborum  ac  fruticum  herbarum- 
que  folia  mel  quam  plurimum  fuiftet  repertum,  agricolas  velut  ludentes 
cecinifte  Jupiter  rnelle  pluit.  Apud  nos  vero  raro  id  contingit,  in  monte 
autem  Libano  quotannis  perfaepe.  Itaque  coria  luper  terram  extendentes 
ac  arbores  excutientes,  quod  ab  eis  detluit,  excipiunt,  et  ollas  ac  fidtilia 
rnelle  implent,  vocantque  id  mel  rofeidum  et  aerium,  fyoire, u=x»  xai 

f  Lib.  xi.  Deipnoloph.  edit.  Cafaubotii  1597,  fol.  p.  500. ;  Theo- 
phrafti  Opera,  edit.  Heinfti ;  Lugduni  Bat,  1613,  fol.  p.474. 
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a  kind  of  honey.  But  when  I  conlider  every  thing  that  the 
antients  have  faid  of  honey  found  on  reeds,  I  can  difcover 
no  certain  arguments  by  which  it  can  be  proved  that  it  was 
the  fame  with  ourfugar. 

Among  the  fragments  of  Theophraftus,  there  is  one  pre- 
ferved  which  treats  of  honey.  That  author,  as  he  generally 
does,  has  diflinsuilhed  with  more  care  than  other  authors 
all  the  kinds  of  fweet  fubftances  known  in  his  time.  He, 
however,  comprehends  them  all  under  the  appellation  of 
honey.  “  The  firft  (fays  he)  is  that  which  is  made  on 
flowers ;  the  fecond  is  that  which  falls  from  the  atmofphere 
upon  plants  of  any  kind  ;  and  a  third  is  formed  upon  reeds.* * * §' 
The  firft  kind  which  the  author  here  fpeaks  of,  is,  without 
doubt,  that  honey  extracted  by  bees  from  flowers  ;  the  fecond 
is  a  melleous  dew,  which,  no  doubt,  belongs  to  the  manna 
of  the  moderns ;  and  the  third  feems  to  be  the  faccbarum  of 
Pliny  and  the  Greeks,  of  which  I  have  hitherto  been  (peak¬ 
ing.  But  nothing  can  be  drawn  from  this  paflage  to  eluci¬ 
date  the  hiflory  of  our  fugar  *.  Megaflhenes  fays,  according 
to  Strabo,  lib.  xv.  that  honey  is  produced  in  India  on  reeds 
without  the  labour  of  bees.  The  words  of  Ifidore  f  con¬ 
vey  as  little  information  :  C(  Honey  formerly  was  a  kind  of 
dew,  and  was  found  on  the  leaves  of  reeds;  and  hence  Virgil 
fays,  HaSien us  derii  mellis  celejiia  dona.  Even  yet,  indeed, 
it  is  found  in  a  concrete  form,  like  fait,  adhering  to  branches 
of  flirubs  in  India  and  Arabia.”  Seneca  exprefles  himfelf 
almoft  in  the  fame  manner: — “  It  is  faid  that  honey  is  found 
in  India  on  the  leaves  of  reeds,  and  that  it  is  produced  either 
by  the  dew  of  heaven  or  by  the  fweet  juice  of  the  reeds 
themfelves.  Our  herbs  alfo  have  a  property  of  the  like  kind, 
and  the  honey  is  fought  for  and  collected  by  infedfs  fuited  by 
nature  for  that  purpofe  £,’*  &c. — Thefe  words  appear  to  me 
to  be  at  any  rate  worthy  of  notice,  as  they  confirm  what  E 
have  already  aflerted,  that  the  origin  of  faccharum  was  little 
known  to  the  Greeks  or  the  Romans,  fince  Galen  and  Seneo& 
fay  exprefsly  that  they  related  merely  on  report  a  circum^ 
fiance  which  was  therefore  uncertain  and  le(s  probable. 

As  Diofcorides  compares  the  faccharuari  found  on  reeds  to 
fait,  and  Paulus  yEgineta  §  makes  mention  of  Indian  /alt, 

which 

*  Bofe,  formerly  profefior,  agrees  with  me  in  this  opinion.  See  his 
Oil  a  Wittembergtnfia  Criiico-pbjfica ,  Dijfertat.  bad.  1739,  ]x  16. 

f  Origines,  lib.  xx. 

X  Epiil.  84.  edit.  Lipjii ,  p.  549. 

§  Pauli  JEgineta  Opus  divinum ,  A l ban 0  ‘Torino  Vitodurenfi  Interpreter 
JJafiliae  153?,  fob  fib.  ii,  c.  54,  p.  95*  Speaking  of  a  foulnefs  of  the  tongue., 
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which  differed  neither  in  colour  nor  fubftance  from  common 
fait,  and  which  was  faid  to  he  endowed  with  a  melleous  tafte, 
many  men  of  learning  have  been  induced  to  believe  that  this 
fait  is  the  fame  as  that  called  faccharum  bv  Diofcorides, 
Pliny,  and  others.  But,  even  if  we  allow  this  to  be  true,  we 
learn  nothing  from  it  that  can  i iluft rate  Pliny's  account  ot 
Jaccharum\  for  the  Indian  fait  is  recommended  by  Paulas 
JEgineta  only  to  thofe  whofe  tongues  are  rough  and  foul,  to 
whom  l  do  not  know  whether  any  fweetnefs  can  be  of  fer- 
vice,  whether  procured  from  reeds  or  from  any  other  plant. 

It  now  remains  that  I  fhoufd  confider  that  fweet  liquor 
which  the  Indians  are  faicl  to  have  made  from  the  roots  of 
reeds.  This  beverage  is  mentioned  by  various  authors  both 
Greek  and  Latin.  Solinus,  indeed,  tells  us  that  this  reed 
was  of  a  prodigious  fize;  but  Voffius  very  properly  obferves, 
that,  the  fize  which  he  aferibes  to  the  Indian  reeds  or  canes 
could  not  be  that  of  our  fugar  cane.  It  is  therefore  probable 
that  Solinus  either  committed  a  miftake  in  aferibing  to  thefe 
large  canes  a  juice  which  in  reality  was  expreffed  from  a 
much  fmaller  kind  of  reeds,  or  that  the  liquor  alluded  to  was 
the  produce  of  a  plant  quite  different  from  that  which  pro¬ 
duces  fugar.  But  fome  verfes  of  Varro  extolled  by  Ifidore*, 

and 

'he  fays — Archigenes  et  fal  Indicum  hu’c  ufui  adhibuit,  quod  fane  co¬ 
lore  et  fubftantia  nihil  a  communi  faie  dillidet,  fapore  vero  meliteum  eft  ; 
lentis  vero  ejus  falis  jnagnitudo,  vel  ad  fummutn  fabae  quantiras  comefta, 
afFatim  atque  profufe  hume&are  prodefr. — The  lame  author,  lib-  vii,  p.  3558, 
fays :  Qmn  etiam  faccar  quod  vocanr.  mel,  quod  ex  Feiici  Arabia  inve- 
liinir,  non  tarn  dulce  quam  noftras  eft,  led  sequales  ei  vires  poffider,  neque 
ffomacho  moleftum  eft,  neque  fitim  conciliat.  Avicenna,  fen.  i.  can,  4. 
-taad.  2.  c.  2  3 1.  fpeaking  of  foulnefs  cf  the  tongue  in  fevers,  follows 
Paulus  iEgineta  :  Aut  teneat  in  ore  falem  qui  afportatur  de  India,  et  eft 
in  colore  falis,  et  dulcedine  mellisj  et  fumat  de  eo,  fecundum  quod  dixit 
Archigenes,  quantitatem  fabae  unius. 

*  IJidov.  Origin,  hb.  xvii,  c.  7 :  In  Indicts  nafei  arundines  caiamique 
dicuntur,  ex  quorum  radicibus  expreffum  fuccum  bibunt,  unde  et  Varro 
ait ; 

Indica  non  magna  niniis  arbore  crefcit  arundo; 

Jllius  e  lentis  premitur  radicibus  humor, 

Dulcia  cui  nequeunt  lucco  concedere  mella. 

Nobody  acquainted  with  Latin  will  deny,  fays  Voffius,  that  there  is 
fometliing  here  in  t'he  firft  line  which  nvuft  offend  every  ear  not  vitiated. 
Saumnife  increafes  inftead  of  curing  the  fault,  when  he  reads  Indica  nam 
magna.  Vcliius  thinks  that  the  reading  ought  to  be  3 

Indica  non  magna  minus  arbore  crefcit  arundo. 

To  the  fame  fubjedt  belongs  the  following  line  of  Lucan,  Pharfal.  iii, 
P*  2-3  7: 

Quique  bibunt  tenera  dulces  ab  arundine  fuccos. 

I  fhall  fubjoin  alfo  the  words  of  Pomponitis  Mela,  lib,  3.  c.  7  — Tam 
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arid  Tome  exprefiions  alfo  of  Strabo  *,  feem  to  prove  that  the 
Indian  reeds  were  of  an  immenfe  fize ;  though  fome  doubt 
may  be  entertained  refpedting  the  opinion  of  Varro,  as  the 
words  are  fatd  to  vary  in  different  editions  of  the  book.  Nor 
can  there  be  any  doubt  but  that  there  are  many  kinds  of 
reeds  from  which  a  fwcet  juice  may  be  cxpreffed  equal  in 
fweetnefs  to  honey.  But  the  principal  reafion  why  1  cannot 
affent  to  the  opinion  of  thofe  who  believe  that  the  liquor  of 
the  Indians  was  made  from  our  fugar  cane  is,  that  no  recent 
author  has  praifed  the  melleous  juice  of  the  roots,  which  are 
ilender  and  not  very  fuceulent.  Nor  did  Rumph  ever  hear 
in  India,  that  a  fweet  and  potable  juice  was  cxpreffed  there 
irom  the  roots  of  either  reeds  or  trees.  The  antienl  Indians, 
had  they  known  our  plant,  would,  without  doubt,  have  ex- 
preffed  from  the  trunk  or  Hem  a  potable  liquor,  as  the  nar¬ 
row  or  fpongy  part  is  fo  full  of  juice  that  it  may  be  fucked 
out  with  great  eafe.  But  I  do  not  fee  how  thofe  could  be 
refuted  who  might  affert  that  the  antients  were  deceived  in 
this  point  by  travellers,  and  falfely  imagined  that  the  juice 
cxpreffed  from  the  flem  was  contained  in  the  roots.  Nay, 
this  opinion  might  be  confirmed  by  this  circum (lance,  that 
Rumph  himfelf,  who  certainly  examined  and  was  well  ac¬ 
quainted  with  every  thing  relating  to  the  nature  of  the  fugar 
cane,  its  form  and  fize,  imagined  that  the  tops  of  the  canes, 
which  for  the  mo  ft  part  incline  towards  the  ground,  might 
have  been  confidered  by  the  antients  as  roots  f.  And  this 
opinion  acquires  fome  weight  when  it  is  known  that  the  part 
of  the  Hein  neared  to  the  root  or  the  earth  contains  the  larged 
quantity  of  juice,  as  appears  from  the  account  of  Rauwolf  J 
and  otliers. 

This* 

pinguis  alicubi  et  tam  feracis  fcli,  ut  in  ea  mella  frondibus  deffluant,  lanas 
blv3;  ferant,  arundinum  fifl’a  intefnodia  veluti  nevia,  bmos  et  qusedam 
temos  etiam  vehant. 

*  Strabo,  lib.  xv.  ex  Eratoftliene  :  T ovg  Js  ^vXivovg  xapTrovg,  yPv&o’Qxi  <aroX- 
lovg,  xat  rag  p'gxg  tocv  <pvrwv  veil  fxaXig-a  t«V  [xsyxXxiv  naXaixcav  yXuxz:cig  nett  (punt 
xctl  ygia.iJQiXSVOV  TOU  LScCTOg  TOIS  kXlOtC,  TOUT  lATCOTtrO'/TOg  Z'X  A XXL  TOTS 

•aroritiAiov .  p ructus  autera  arborcos  rnultos  gigni.,  radices  ftirpiutn,  prae- 
fertim  magnarum  arundinnm  et  natura  et  decoction e  dulces  die,  aqua  a 
folibus  tepefabfa,  tam  cselefti,  quam  pluviali. — Thofe  defirous  of  being  ac¬ 
quainted  with  the  various  kinds  of  reeds  known  to  the  antients  may  ctnv* 
fult  Tbeophraji.  Bodcel  a  St  ape  l .  p.  480. 

f  Herbarium  Amboinenfe,  vol.  v.  d.  188. 

+  Befchreibung  der  Reife  Leonh.  Ranzuolff'en ;  Frank.  15 82,  4to.  lib.  L 
G*  4*  P*  53*  The  author,  fpeaking  of  Syria,  fays:  “  Sugar  canes  grow 
exceedingly  well  here,  and  in  other  places  in  the  neighbourhood.  The 
canes  in  fize  and  height  arc  not  unlike  our  canes,  but  the  interior  part  of 
them,  and  particularly  at  the  bottom  near  the  roots,  where  they  have  moll 
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This  effay  might  appear  very  defe&ive  if  I  pafTed  over  in 
filence  the  opinion  of  Saumaife  *  refpetSling  the  fugar  of  the 
antients,  which  has  been  adopted  by  many  learned  men. 
This  author  endeavours  to  prove,  by  a  variety  of  arguments, 
that  the  antient  faccharum  was  the  fame  as  the  modern  fac- 
ehar  mamba  of  the  Indians,  and  the  tabaxir  of  the  Perhans 
and  the  Arabs.  I  {hall  not,  however,  adduce  all  the  proofs 
which  he  employs,  and  which  have  been  frequently  quoted 
by  others,  but  confine  myfelf  to  a  few  obfervations.  As  I 
never  had  an  opportunity  of  feeing,  as  far  as  I  remember, 
the  fugar  called  mnmbu ,  as  none  of  it  has  been  imported 
into  Europe  in  my  time,  we  muff  confider  it  to  be  that  men¬ 
tioned  by  thofe  who  have  been  in  India,  and  who  have  often 
feen  tabaxir . 

The  tree  which  produces  it,  and  which  is  very  common 
in  India,  is  called  by  botanifls  arundo  Iambus  f .  Between 
its  Joints  a  fwreet  thick  juice  exudes,  fometimes  in  a  large  and 
fometimes  a  fmaller  quantity.  Every  tree  of  this  fort  does 
not,  however,  exude  that  liquor  ;  but  thofe  only  which  grow 
in  Bifnaga,  Betecala,  and  part  of  the  province  called  Mala¬ 
bar;  and  for  this  reafon  many  who  fpeak  of  this  tree,  or  reed, 
fay  nothing  of  its  fugar.  This  liquor,  when  found  in  a  con¬ 
crete  Hate,  is  fometimes  blackifh  and  fometimes  of  an  afh 
colour,  but  on  that  account  is  not  confidered  to  be  of  a  worfe 
quality.  According  to  the  teftimony  of  Indian,  Arabian, 
Perlian,  and  Turkifh  phyficians,  the  tabaxir  is  of  fervice  in 
external  and  internal  heats,  and  alfo  fevers  and  dyfenteries. 
In  the  time  of  Garcias  ab  Orto  % ,  whofe  words  I  have  hi¬ 
therto  ufed,  this  tabaxir  was  as  dear  as  filver.  The  name 
facchar  mavibu  fignifies  the  fame  as  fugar  of  viambu ,■  as  the 
•Indians  give  the  name  of  mamba  to  the  reeds  or  branches  of 
the  tree  that  produces  it.  Pifo  §  derives  the  word  tabaxir 
or  tabarzady  for  fo  it  is  read  in  Ilhafes,  who  lived  in  the 

ftrength,  they  are  full  of  an  agreeable  excellent  juice,  and  for  this  reafon 
are  purchafed  at  a  dear  rate  by  the  Turks.  Before  they  begin  to  ufe 
thefe  canes,  they  itrip  off  the  long  leaves  and  cut  away  the  dry  part  at  the 
top.  fo  that  the  remaining  part,  which  is  good,  and  full  of  fap,  is  fcarcely 
an  ell  in  length.  Some  of  them  carry  about  with  them  through  the  ftrects 
canes  prepared  in  this  manner  as  our  boors  do  pipes,  and  cutting  off  bit 
.after  bit,  and  peeling  away  the  rind,  chew  them  publicly  with  great  plea- 
fure  ;  for  at  the  bottom  near  the  root  they  are  very  fappy,  and  as  tender 
between  the  teeth  as  a  lump  of  fugar. '* 

Salmaf.  ad  Solinum,  p.  719* 

t  Pomet  Aufrichtiger  Materialift,  Leipzig  1717,  p.  114. 

X  Aromatum  et  Simplicium  Medicamentorum  Hiftoria,  Antwerffus 
5  5 74’  P*  49. 

§  Plaz  de  Saccharo,  p.  5. 
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plinth  century,  from  the  Perfian  language,  and  explains  it 
by  the  expreffioq  ( lac  lafidefcens) ,  petrified  milk;  but  Gar¬ 
cias  calls  it  ( bumorem  laheum ),  milky  juice. 

I  (hall  now  proceed  to  the  opinion  of  Saumaife,  which  I 
allow  to  be  extremely  probable.  Tabaxir  is  a  juice  which 
fpontaneoufly  concretes  in  the  manner  of  gum  on  very  tall 
reeds;  it  is  laid  to  befwect,  and,  like  the J'accharum  of  Pliny, 
to  be  ufeful  only  in  medicine.  The  name  J'acchar  feems  to 
have  been  given  by  the  Indians  fince  the  remote!!  periods  to 
the  juice  of  this  reed,  and  latter  ages  have  beflowed  the  fame 
appellation  on  the  juice  of  our  fugar  cane,  becanfe,  when 
condenled  by  the  help  of  fire,  it  approaches  very  near  in  ap¬ 
pearance  to  the  fugar  of  the  mambu .  Some  of  the  young 
reeds  of  the  mambu  are  lo  fpongy  and  abundant  in  juice, 
that  they  are  chewed  with  great  avidity  by  the  common 
people  on  account  of  their  agreeable  tafle.  But  fome  very 
weighty  reafons  prevent  me  from  agreeing  in  opinion  with 
Saumaife:  for,  in  the  firft  place,  that  the  reed  called  bambu 
is  a  tree  of  fuch  a  fize  that  canoes  may  be  formed  of  it,  is  no 
argument ;  for  it  can  by  no  means  be  proved  that  the  reed 
of  which  Solinus  and  Diofcorides  fpeak,  is  the  fame  plant 
from  which  they  collected  their  faccharum :  nay,  Solinus 
fays  in  exprefs  words  that  the  Indians  fqueezed  from  the 
roots  of  this  reed  a  potable  juice.  But  more  modern  bota¬ 
nies  and  travellers,  whofe  veracity  is  unqueftionable,  and 
who  were  well  acquainted  with  the  tree,  deny  that  any  fweet 
and  potable  juice  can  be  exprefled  from  its  roots.  Such  of 
the  antients  as  have  fpoken  of  the  Indian  reeds,  and  prefling 
juice  from  them,  have  never  mentioned  faccharum:  on  the 
other  hand,  thofe  who  exprefsly  mention  faccharum  do  not 
lay  a  fingle  word  of  fqueez mg  juice  from  it.  Befides,  though 
the  juice  of  the  young  plants  be  of  a  fweet  and  agreeable 
tafle,  yet  the  tears  which  exude  near  the  joints,  and  are 
condenled  by  the  heat  of  the  fun  into  the  form  of  white  pu¬ 
mice  flone  (for  fuch  it  appeared  at  leaft  to  Pifo),  have  no 
Ivveetnels  at  all,  or  rather  a  peculiar  tafle  a  little  aftringent, 
and  fimilar  to  that  of  burnt  ivory  *.  For  this  reafon  Rumpb, 
who  often  tailed  tabaxir  in  India,  aflerts  that  he  found  no 

"  Gul.  Pi  fonts  Mantijjh  Aromatica ,  c.  10.  qua  adjunfla  ejiPifonis  Libris 
de  India  utriufque  Rc  Natural:  et  Me  die  a ;  Amfteladami  1 65  8.T0I .  p.  : 
Arundines  rnambu  adolefcentes  medulla  levi,  fpongiofa  et  liquida  (non 
adeo  fardta  ut  vulgares  cannis  facchariferze)  refertae  liint,  quam  vulgus 
grati  faporis  gratia  avide  exfugir.  At  ubi  arundines  hae  procenc  et  annolae 
tadfce  fuerint,  liquoris  contend  fubftantia,  color,  fapor,  et  efficacia  muratur 
(fjeut  in  nuce  coco  adulta  etiam  fieri  videamns),  atque  paulatim  protru- 
4itur  feras,  et  juxta  internodia  vi  foiis  coagulatur. 
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fweetnefs  in  it,  and  that  it  approaches  much  nearer  to  amylt 
than  to  fugar  or  fait. 

In  the  lalt  place,  whatever  kind  of  fubffance  the  Jaccha~ 
rum  of  the  antients  may  have  been,  it  was  not  well  known' 
either  to  the  Greeks  or  the  Romans.  It  was  not  in  common 
ufe,  and  employed  only  in  medk  ine  Nor  do  we  read  of 
any  other  fweet  fubffance  being  tiled  for  feafoning  food, 
making  fweet  meats,  and  preferving  fruit,  than  honey,  in 
which  apples  of  all  kinds  and  even  ffefh  were  preferved  *. 
The  antient  phyficians  alfo  mixed  honey  with  their  medi¬ 
cines  in  order  to  render  them  more  palatable.  But  even 
this  circuimtance  feems  fufticient  to  prove  that  they  were 
not  acquainted  with  our  fugar,  which  without  doubt  might 
have  been  employed  much  more  conveniently  both  for  food 
and  in  medicine.  It  is  true,  indeed,  that  many  things  ufed 
for  feafoning  were  employed  firft  in  medicine,  and  were 
then,  after  along  interval,  introduced  into  cookery.  Thus, 
fpirit  of  wine  and  grain  were  long  recommended  for  the  ule 
of  medicine  under  the  name  of  aqua- vita’ ;  in  the  like  man¬ 
ner,  coffee,  tobacco,  and  many  other  things  that  now  minifter 
to  the  luxury  of  our  tables,  or  are  in  common  ufe,  were  ffrfl 
known  as  medicines.  Even  oranges  were  introduced  into 
cookery  only  at  a  late  period  among  the  Romans,  and  were 
not  commonly  eaten.  Oranges,  faid  Pliny  t,  are  not  eaten 
but  as  a  remedy  for  pnifon ;  and  they  were  put  into  ward¬ 
robes  with  clothes  in  order  to  give  the  latter  an  agreeable 
fmellj.  Nor  does  the  ufe  of  oranges,  which  in  modern 
times  are  fo  necefiarv  in  food,  that  the  art  of  cookery  would 
be  at  a  lofs  could  they  not  be  procured,  occur  as  ieafoning 
in  the  work  of  Apicius.  We  have  reafon  therefore  to  con- 
jedlure  that  facchqruin  was  known  and  ufed  as  a  medicine, 
but  not  as  food.  But  as  the  antients  prepared  a  beverage  for 
which  they  before  ufed  common  honey  or  aerial  honey, 
called  at  prefent  manna  §,  why  fhould  they  not  have  tried 
faccharum  in  the  fame  manner  ?  for  though  they  had  not 
faccharum  altogether  purified,  yet  it  is  evident  that  the  taffe 
of  even  impure  fugar  would  have  been  more  agreeable  than 
that  of  the  above  nanfeous  manna.  Nor  is  it  probable  that 
the  antients,  had  they  known  fugar,  would  have  abtlained 

.  *  Columella,  lib.  xii.  c.  io :  (l;ud  in  rotum  piaecipicndum  exiftimavi, 
nullum  effe  germs  pomi  quod  non  poitn  melli  fervari ;  naque  cum  fit  hae<f 
res  interdum  aegrotantibus  falutai  is  cenfeo,  &c.  See  alfo  Afiicii  lib.  i.  c.  8; 
Ut  carries  fine  (ale  quovis  tempore  fint  recentcs. 

f  Piin.  Hift.  Nar.  lib.  xii.  c.  3. 

X  Athcnseus  Deipnof.  hb.  iii.  c.  7, 

§  Atlienseus,  lib.  xi.  p.  500. 

►  4  '  irom 
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from  it  on  account  of  its  dearnefs,.when  they  fpared  nothing 
in  their  feafoniiigs  that  could  gratify  the  organs  of  tatted 
Pepper,  for  example,  was  fold  in  large  quantities  at  more 
than  its  weight  in  gold  or  ttlver#:  neverthelefs,  it  was  fo 
much  efteemed  that  it  was  the  rnoft  common  of  all  fpices, 
and  it  is  fcarcely'  ever  omitted  by  Apicius  in  fix  hundred 
dwics.— Our  fugar  was  therefore  unknown  to  the  antient 
Greeks  p.nd  Romans. 


II.  Defcription  of  a  Dwarf  of  a  very  remarkable  Conforma¬ 
tion.  By  Baron  F.  Von  Wurmb,  late  Secretary  to  the 
Batavian  Society  of  the  Arte  and  Sciences  in  the  1/land  of 

Java  f. 

A  FEW  years  ago  there  was  feen  at  Batavia  a  native  of 
the  ittand  of  Bali  named  Kitip,  who  was  fo  fmall,  and  at 
the  fame  time.diminifhed  in  fo  fymmetric  a  manner,  that  he 
deferves  to  be  confidered  as  one  of  the  rareft  phenomena  in 
the  animal  asconomy  of  nature. 

His  whole  length  amounted  only  to  two  feet  eleven  inches 
Englifh  meafure,  or  about  33-J  Rhinlandifh  inches;  and  the 
reduction  of  his  body  on  both  ikies  fo  regularly  alike,  that 
the  opinion  of  Buffon  refpe<Sting  the  power  of  ttmple  parts 
.acting  on  both  lides  with  equal  force,  from  which  arife  the 
double  parts  on  the  expantton  of  the  animal  body,  feems  to 
be  fully  confirmed.  The  head,  though  by  far  too  large  for 
the  body  of  this  dwarf,  and  which  might  have  fuited  one  of 
.fix  feet,  exhibited  in  other  relpedts  nothing  remarkable. 
His  countenance,  confidering  his  race,  was  not  difagreeable, 
as  the  features  feemed  to  exprefs  a  grave  and  not  ivnpleafant 
difpofition.  His  hair  was  long  and  black,  but  here  and  there 
a  little  gray,  becaule  he  had  already  attained  to  the  fortieth 
vear  of  his  age.  Like  moll  of  his  countrymen,  he  had  no 
beard.  *  His  fkin  was  of  a  brownhh  colour.  His  {boulders 
were  broad,  and  his  cheft  ftrong.  The  belly  had  the  ufual 
form,  only  that  it  was  too  much  contracted  towards  the 
lower  part.  His  arms  were  too  long  in  proportion  to  the 
body,  and  a  little  twitted  or  turned  outwards.  The  lower 
part  of  the  arms  was  only  half,  as  long  as  that  above  the 

Plin.  Hift.  Nat.  lib.  xii.  c.  7. 

-f*  From  the  Tranfattions  of  the  above  Society. 

$  Bali  or  Balei  is  one  of  the  fmall  illands  lying  on  the  eaft  coaft  of 
Java,  the  inhabitants  of  which  carry  on  a  trade  in  haves  with  Batavia, 
and  procure  in  return  fuch  articles  as  they  hand  in  need  of.  This  illand 
is  called  alfo  Lefler  Java. 

.Vol.  XL  '  B  elbow; 


l8  Defcnption  of  a  Dwarf . 

elbow  r  the  bands  were  fhort,  broad,  and  of  a  round  form 
before.  The  fingers  confided  of  round  dumps,  which  were 
totally  loofe,  without  being  ftrongly  connected  with  the  bones 
of  the  hand  behind,  and  which  were  capable  of  no  movement. 
They  were  furnifhed  with  nails,  and  confifted  of  the  third 
row  only  of  the  finger  joints,  as  the  fir {b  and  fecond  were 
totally  wanting.  Each  hand  had  fix  of  thefe  fhapelefs  fin- 
ge  s  ;  two  (landing  clofe  together  in  the  place  of  the  little 
finger,  and  the  ether  four  in  the  place  of  the  thumb,  the 
fore,  middle,  and  ring  finger.  The  bones  of  the  hand  were 
bent  a  little  outwards,  by  which  means  the  fift  appeared 
round,  and  the  back  of  it  fomewhat  hollow.  This  final! 
cavity  was  of  great  fcrvice  to  ljttle  Kitip  on  account  of  the 
fhortnefs  and  immobility  of  his  fingers,  elpecially  at  the  time 
of  his  meals,  as  he  ufed  the  back  of  his  hand  inftead  of  a  fpoon 
in  order  to  convey  rice  and  other  food  to  his  mouth.  Elis 
legs  were  remarkably  fhort;  the  feet  teemed  to  have  grown 
out  from  them  quite  folid ;  for,  though  their  motion  gave 
reafon  to  fuppofe  the  exiftence  of  the  bone  of  the  leg  and 
ifehia,  there  was,  however,  no  external  appearance  of  them. 
The  knees  were  entirely  wanting.  The  feet  were  fhort  and 
broad.  Each  foot  had  fix  toes  fimilar  in  form  to  the  fingers, 
and  which  had  grown  out  in  the  like  manner — but  with  this 
difference,  that  they  were  connedfed  with  the  feet  by  a  fmall 
pan  of  their  round  furface,  and  that  the  two  which  ftood  in 
the  place  of  the  little  toe  adhered  fomewhat  to  each  other. 

This  dwarf  was  bom  of  well  proportioned  parents  at  Squo- 
ati,  in  the  ifiand  of  Bali,  in  the  year  1740.  He  never  had 
the  fmall  eft  intercourfe  with  the  female  fex,  nor  {bowed  the 
leaft  inclination  for  it.  It  appeared,  however,  that  he  was 
far  from  having  been  negl  ebbed  by  nature  in  this  refpcbl, 
and  that  his  continence  arofe  rather  from  an  opinion  he  en¬ 
tertained,  that  if  he  denied  himfelf  the  gratification  of  inter¬ 
courfe  with  the  fex  in  this  world,  he  would  obtain  a  more 
perfect  body  in  the  next,  but  that  on  this  fide  the  grave 
he  would  remain  a  deformed  dwarf.  However  much  he  was 
convinced  that  Nature  had  ncgledled  him  at  his  birth,  he 
neverthelefs  believed  flic  had  given  herfelf  the  trouble  to  pre- 
fierve  him  by  a  miracle,  which  took  place  foon  after  he  was 
bom.  He  related,  in  this  refpebt,  that  his  mother,  afhamed 
of  having  brought  fo  deformed  a.  child  into  the  world,  re- 
folved  immediately  to  deftroy  him,  but  found  to  her  afto- 
nifhment,  when  fhe  attempted  to  commit  this  barbarous  deed, 
that  her  child  was  completely  invulnerable.  This  miraculous 
circum  fiance  filled  her  with  aftonifhment,  and  conduced  her 
back  to  parental  duty. 


The 


Dire&ions  for  Tanning ,  19 

The  following  are  the  proportions  of  this  dwarf,  according 
to  meafurement : — The  whole  length  2  feet  11  inches.  From 
*he  foies  of  the  feet  to  the  commencement  of  the  thighs..  9 
inches.  Length  of  the  foot  3  inches,  height  of  the  foot  sc¬ 
inches  :  breadth  of  the  foot  before  3  ~  inches.  Length  of 
the  arm  io'  inches.  From  the  elbow  to  the  joint  of  the 
wrift  5  inches ;  from  the  joint  of  the  wrift  to  the  tip  of  the 
middle  finger  s  '-  inches.  Length  and  circumference  of  the 
finger  of  an  inch.  Length  and  circumference  of  the  thumb 
1  inch.  Didance  from  the  tip  of  the  thumb  to  the  tip  of 
the  little  finger  3J  inches.  Breadth  of  the  {boulders  1  foot. 
Length  of  the  head  9  inches.  Circumference  of  the  upper 
part  of  the  arm  9  inches;  circumference  of  the  wrift  5  inches  ; 
of  the  neck  is  finches;  of  the  body  at  the  nipples  of  the 
breaft  s  feet  6  inches;  of  the  body  at  the’ navel  s  feet 

S  inches ;  of  the  thigh  1  foot  7  inches;  of  the  ancle  9  inches* 

*  <<*» 


III.  Dire&ions  for  Tanning  all  Sorts  of  Hides  and  Skin , 
according  to  the  new  Procefs  introduced  by  Mr,  W,  Des¬ 
mond.  Communicated  by  the  Author . 

SIR,  New  Palace  Yard,  Sept.  26. 

I  AM  flattered  to  find  that  you  approve  of  the  Dire&ions  for 
Tanning ;  it  is  certainly  my  wifh  that  this  procefs  fhould  be 
as  generally  known  and  pradtifed  as  poflible.  The  extent 
and  fuccefs  with  which  it  is  and  has  been  carried  on  during 
the  laft  three  or  four  years  by  fome  of  the  principal  tanners 
in  Warwickfhire,  StatTordfhire,  and  other  neighbouring 
counties,  may  be  fufticient  inducements  to  all  tanners  to 
make  the  experiment,  and  convince  themfelves  that  lea¬ 
ther,  equal  if  not  fuperior  in  quality  to  the  beft  hitherto 
known,  may  be  manufadtured  in  about  as  many  days  as  it 
generally  requires  months  to  tan  it  well  in  the  ufual  way,  and 
with  lefs  expenfe  of  labour. 

Tanners  in  beginning  the  new  procefs  are  apt  to  be  ftartled 
at  the  quantity  of  bark  which  it feems  to  require;  but  a  little 
reflection  and  experience  foon  fatisfy  them  that,  whatever 
mode  they  adopt,  the  fame  quantity  of  bark  is  neceflary  to 
tan  a  pound  or  any  given  weight  of  leather,  and  that  the 
bark  is  much  lefs  liable  to  be  wafted  or  loft  in  the  new  than 
in  the  flovenly  old  mode:  they  alfo  find  that,  by  proper  ma¬ 
nagement,  they  can  give  their  hides  an  additional  weight, 

B  i  equal 
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equal  upon  ati  average  to  ten  per  cent,  upon  each  more  thari 
in  the  ufual  way. 

A  hide,  to  be  properly  tanned,  muft  have  imbibed  the 
.quantity  of  tanning  neceftary  to  faturate  it;  and  whether  it 
receive  that  quantity  in  one  or  in  eighteen  months,  it  can 
make  no  difference  in  the  quality  of  the  leather,  but  a  very 
material  one  to  the  manufacturer. 

The  opinion  that  fo  many  months  were  neceftary  to  tan 
hides,  was  founded  on  the  cl  unify  an  d  injudicious  mode  of 
throwing  the  hides  and  bark  together  in  the  pits ;  but  this 
opinion  is  now  rapidly  giving  way,  and  probably  will,  with 
your  aftiftance  and  that  of  other  feientific  men,  be  totally 
exploded  in  lefs'  time  than  was  hitherto  required  to  tan  a 
hide.  Tanners  will  be  much  indebted  to  you  for  your  en¬ 
deavours  to  undeceive  them ;  and  the  public,  I  think,  muft 
be  ultimately  benefited  by  the  general  adoption  of  this 
procefs. 

I  am  very  refpeCtfulIy, 

Sir, 

Your  humble  and  obedient  fervant, 
Alexander  Tiiloch ,  Efq,  William  Desmqndv 

Directions  for  Tanning . 

AS  that  part  of  the  preparation  of  hides  and  fkins,  pro¬ 
perly  called  tanning,  conftfts  in  impregnating  and  fat  mating 
them  with  a  principle  obtained  from  tan,  by  which  they 
acquire  ftrength  and  frrmnefs,  preferve  a  ftfffrcient  flexibility, 
and  become  indifToluble  and  incorruptible  in  water  either  hot 
or  cold ;  fo  the  nature  of  this  procefs  is,  ift,  To  afeertain,  by 
a  ftmple  and  certain  criterion,  fuch  fubftances  as  contain  the 
faid  principle  :  2dly,  To  extract  it  from  them,  to  feparate  it 
from  every  other  principle  by  which  its  effect  might  be  im¬ 
peded  or  counteracted,  and  to  give  it  the  degree  of  ftrength 
neceftary  for  the  intended  purpofe :  3dly,  To  difpofe  the  hides 
and  fkins  for  the  introduction  of  this  principle :  and,  4thly, 
To  impregnate  and  faturate  them  completely  with  the  fame 
in  lefs  than  a  tenth  part  of  the  time  ufually  employed  in  tan¬ 
ning;  all  which  operations  are  performed  in  the  following 
manner : 

Provide  five  veftels,  called  digejlers ,  of  any  convenient 
materials  and  dimenfions,  with  an  aperture  at  the  bottom  of 
each :  let  them  be  placed  near  each  other,  and  elevated  upon 
ftiilages  or  otherwife,  fo  that  a  pail  or  other  fmaller  veftel 
may  be  placed  under  them.  Fill  the  digefters  with  tan,  that 


ell  Sorts  of  Hides  and  Skins*  at 

is  to  fay,  with  the  bark  of  certain  trees,  of  oak  for  inftaiice, 
cut  final  1,  bruifed,  or  ground  to  a  coarfe  powder.  Pour  water 
on  the  tan  in  the  firft  digefter,  where  it  may  hand  foine  time, 
or  be  drawn  off  immediately.  This  liquor  is  to  be  poured  on 
the  tan  in  the  fecond  digefter,  and  drawn  off  as  before;  then 
on  the  tan  in  the  third  digefter,  and  fo  on  until  it  comes 
through  the  tan  in  the  fifth  and  laft.  The  liquor  is  then 
highly  coloured,  and  marks  from  fix  to  eight  degrees  on  the 
hydrometer  for  falts.  This  liquor  is  to  be  ufed  for  tanning 
the  thickeft  hides;  and  may,  for  want  of  a  more  chara&er- 
iftic  name,  be  called  the  tanning  lixivium.  It  has  this  pe¬ 
culiar  property,  that  if  you  take  a  fulfill  quantity  of  it  in  a 
glafs,  and  pour  on  it  a  few  drops  of  a  folution  of  animal  glue, 
the  liquor,  which  before  was  clear,  becomes  turbid,  and  a 
whitith  fubftance  falls  to  the  bottom  of  the  glafs.  The  pre¬ 
cipitate  thus  obtained,  by  means  of  the  folution  of  glue,  is 
a  fure  indication  that  the  liquor  contains  the  tanning  prin¬ 
ciple  ;  for  this  reafon,  that  glue  being  of  the  fame  nature 
with  the  (kins  or  hides  of  which  it  is  made,  whatever  fub¬ 
ftance  unites  itfelf  indiflolubly  with  the  former,  will  do  fo 
likevvife  with  the  latter. 

This  folution  is  made  by  diftfolving  a  little  common  glue 
in  water  over  a  moderate  fire  :  by  means  of  it,  not  only  oak 
bark,  but  alfo  the  bark  of  feveral  other  trees,  fuch  as  the 
plane-tree,  cheftnut-tree,  the  American  hemlock-tree,  pop¬ 
lar,  elm,  willow,  &c.  as  well  as  divers  fhrubs  and  plants, 
fuch  as  myrtle,  fhumach,  &c.  all  which  I  call  tan,  are  found 
to  contain  the  tanning  principle  ;  and  by  employing  the  fo¬ 
lution  as  above,  it  will,  in  all  cafes,  be  eafy  to  afcertain  whe¬ 
ther  any  given  fubftance  contains  this  principle  or  not. 

In  the  courfe  of  thefe  lixiviations  two  things  will  be  ob- 
ferved.  I.  The  liquor  running  from  the  firft:  digefter,  at 
length  lofes  its  colour.  If  in  this  ftate  you  take  a  little  of  it 
in  a  glafs,  and  repeat  the  former  experiment,  the  liquor  no 
longer  becomes  turbid,  but  remains  clear ;  which  {hows  it 
contains  no  more  of  the  tanning  principle :  but  if  you  pour 
into  the  fame  glafs  a  few  drops  of  a  folution  of  fulph ate  of 
iron,  the  liquor  becomes  thick  and  black.  This  liquor  is  not 
to  be  poured  on  the  tan  in  the  fecond  digefter,  but  is  to  be 
laid  by,  and  ufed  for  the  d epilation,  or  taking  off  the  hair  or 
wool,  as  will  be  more  particularly  defer i bed  hereafter.  It  is 
diftinguiftved  by  the  name  of  gallic  lixivium ,  becaufe  it  ap¬ 
pears  to  contain  the  fame  principles  as  galls. 

The  liquid  fulphate  of  iron  is  obtained  by  diftfolving  a  fmall 
quantity  of  iron  in  oil  of  vitriol  diluted  with  water,  or  by  dif- 
Colving  green  copper  as  in  water.  This  folution  ferves  to,  afeer- 
*•  -  B3  '  v  tain 
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tain  fuch  fuhfiances  as  contain  the  gallic  principle.  Lime- 
water  will  alfo  produce  this  cfieht. 

When  the  liquor  eeafes  to  grow  black  by  the  mixture  of 
the  fulphate  of  iron,  it  will  be  ufelefs  to  pour  any  more  water 
on  the  fan  in  the  firft  digefter.  This  tan,  being  exhaufted 
both  of  the  tanning  and  gallic  principles,  mud  be  removed, 
and  new  tan  put  in  its  place. 

2,.  You  will  obferve  that  the  liquor,  after  running  through 
all  the  digefters,  at  laft  arrows  weak.  Add  to  your  dock  of 
tanning  lixivium  all  the  liquor  that  marks  from  fix  to  eight 
degrees  on  the  hydrometer.  What  proceeds  afterwards  from 
the  lad  digeder  is  to  be  poured  on  the  new  tan  in  the  fird. . 
Then  the  frefh  water  is  to  be  conveyed  on  the  tan  in  the 
fecond  digeder,  and  the  liquor  of  the  fird  to  be  laid  by,  while 
it  marks  fix  or  eight  degrees  on  the  hydrometer,  and  added 
to  the  tanning  lixivium,  which  mud  always  be  carefully  fe- 
parated  from  the  gallic.  In  this  manner,  the  tan  in  all  the 
digefters  may  be  renewed,  and  the  lixiviations  continued. 

The  number  of  thefe  lixiviations,  as  well  as  the  mode  of 
making  them,  may  be  varied  at  pleafure ;  the  edfential  point 
is  to  repeat  them  fo  as  to  give  the  liquor  a  fufiicient  degree 
of  concentration,  which  may  be  determined  by  the  hydro¬ 
meter,  and  proportioned  to  the  quicknefs  required  in  the 
operation,  and  the  thicknefs  of  the  hides  and  fkins  to  be 
tanned;  all  which  experience  will  foon  teach.  As  ail  kinds 
of  tan  are  not  equally  good,  it  will  fometimes  happen  that 
fix  or  more  filtrations  will  be  necedary  to  obtain  a  lixivium 
of  fix  or  eight,  degrees :  in  this  cafe,  as  well  as  where  a  greater 
quantity  of  liquor  is  required,  the  number  of  digeders  is  to 
be  increafed,  and  the  fame  method  purfued  as  above;  and 
when  a  weaker  lixivium  is  wanted,  three  or  four  filtrations 
will  be  fufficient. 

The  perfon  who  directs  thefe  lixiviations  fhould  be  pro¬ 
vided  with  the  folution  of  glue  and  fulp'hate  of  iron,  already 
defer! bed,  in  order  to  afeertain  the  qualities  of  the  different 
lixivia,  as  well  as  with  a  hydrometer, or  areometer,  properly 
graduated,  to  determine  their  degree  of  concentration  or  fpe- 
cific  gravity.-  •  • 

Cow  Hides ,  Ox  Hides ,  &c. 

I.  Wajhing  and  FieJJjing . — They  fhould  be  wafhed  in 
running  water,  well  cleaned,  and  fiefhed  in  the  ufual  way. 

%.  Depilationy  or  taking  off  the  Hair, — Immerfe  the  hides 
for  tw’o  or  three  days' in  a  vat  filled  with  the  gallic  lixivium, 
and  a  mixture  of  fulphuric  Ac.id,  or  oil  of  vitriol,  marking 
66  degrees  on  the  hydrometer  for  acids,  and  in  the  proporr 
6  tion 
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lion  of  l  to  looo;  that  is,  one  part  of  vitriolic  acid  to  a 
thoufand  parts  of  gallic  lixivium;  or  1  pint  (0  125  gallons. 
During  this  immerfion,  the  hair  is  detached  from  the  hides 
in  fuch  a  manner,  that  you  may  eafily  know  When  they  are 
to  be  taken  out  of  the  vat,  that  is,  when  the  hair  is  quite 
loofe.  It  is  then  to  be  fcraped  off  with  the  round  knife  on 
the  horfe  or  beam. 

3.  Raijing. — When  railing  is  neceflary,  which  is  feldom 
if  ever  the  cafe,  immerfe  the  hides  for  ten  or  twelve  hours  in 
a  vat  filled  with  water,  and  a  five  hundredth  part  of  its  vo¬ 
lume  of  mineral  acid,  of  the  fame  quality  as  the  former,  and 
the  operation  of  railing  or  fwelling  is  done. 

4.  Walh  the  hides  repeatedly,  and  ufe  the  round  knife ; 
then  thev  are  fully  prepared  for  tanning. 

5.  Tanning. — The  remaining  part  of  the  procefs  confifts 
in  tanning,  properly  fo  called  :  for  which  purpofe,  ffeep  the 
hides  for  Tome  hours  in  a  weak  lixivium  of  only  one  or  two 
degrees  ;  to  obtain  which  you  may  take  that  which  runs 
from  the  fecund  digefter,  or  fome  that  has  been  already  ufed 
for  tanning.  Thev  are  then  to  be  put  in  a  ffronger  lixivium, 
where  in  a  few  davs  they  will  be  brought  to  the  fame  degree 
of  faturation  with  the  liquor  in  which  thev  are  immerfed. 
The  (Ircn^th  of  the  liquor  being  then  confiderably  dimi- 
nifhed,  it  mull  be  renewed  ;  and  when  the  hides  are  com¬ 
pletely  faturated,  that  is,  fully  tanned,  which  is  known  by 
cutting  off  a  bit  of  the  edge,  remove  the  leather,  and  let  it 
dry  (lowly  in  a  lhady  place. 

Calf  Skins ,  Goat  Skins ,  &c.  » 

1.  Flelh  them  with  the  knife,  and  work  them  in  running 
Water,  like  the  others. 

2.  Steep  than  in  lime  water,  in  which  there  Ihotild  he 
more  lime  than  the  water  can  diffblve  at  once.  What  is  not 
dilfolved  will  lubfide  to  the  bottom,  hut  mult  be  mixed  with 
the  water,  by  ffirring  it  feveral  times  a  day. 

3.  After  two  or  three  days,  remove  the  Ikins :  when  the 
hair  is  found  quite  loofe,  ferape  it  off  on  the  horfe ;  walh  and 
piefs  the  Ikins  well,  until  the  water  running  from  them  is 
perfectly  clear,  and  the  lime  totally  extracted. 

4.  Steep  them  firft  in  a  weak  lixivium,  then  tan  them  as 
above ;  but  obferve  that  the  tanning  lixivium  muff  not  be 
near  lo  strong  as  for  the  hides. 

Lime  is  ufed  for  thefe  foft  {kins  inftead  of  the  mixture  of 
gallic  lixivium  and  vitriolic  acid,  for  this  reafon,  that  the 
acid  always  fwells  the  leather  more  or  lef's,  and  becaufe  the 
Hrne  may  be  more  eafily  extracted  from  them,  by  waffling 
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and  compreffing  them,,  than  from  the  thick  hides,  which, 
when  limed  are  harfh  and  apt  to  crack,  if  the  limb  is  not  to¬ 
tally  extracted  before  they  are  tanned. 

Amongft  the  different  modes  of  immerfion,  which  riiay  bd 
prabtifed  in  the  courfe  of  thefe  operations,  the  beft  way  feems 
to  be  that  of  fufpending  the  hides  and  fkins  vertically  in  the 
lixivia,  by  means  of  tranfverfal  rods  or  .  bars,  and  at  fuch  a 
defiance  afunder  as  not  to  touch  each  other  in  any  one  point,. 
If  they  are  laid  out  one  over  the  other,  according  to  the  com¬ 
mon  practice,  they  will  require  frequent  handling ,  in  orcTer 
that  all  the  parts  may  be  equally  faturated,  and  to  prevent 
the.  folds  or  .plaits  that  would  otherwife  be  formed  in  them  : 
all  this  Would  occasion  a  confiderable  lofs  of  time  and  labour. 

In  feme  cafes  i.t  will  be. found  expedient  to  mix  frefh  tan 
from  time  to  time  with  the  lixivium;  this  and" other  modi¬ 
fications,  fuch  as  the  various  (Irengths  of  the  lixivium,  the 
railing  or  not  railing  the  hides,  the  ufe  of  the  gallic  lixivium. 
See.,  which  may  be  found  neceffary,  will  depend  on  the  hate 
and  quality  of  the  hides  and  Ikins  to  be  tanned,  as  well  as  on 
the  purpofes  for  which  they  are  intended  ;  all  thefe  cohfider- 
ations  niufl  be  left  to  the  judgment  of  the  manufacturer,  but 
do  not  in  any  way  alter  or  change  the  principle  on  which 
this  mode  of  tanning  is  founded. 

Befides  the  very  great  favings  in  point  of  time  and  labour, 
the  leather  tanned  according  to  the  above  method,  being 
more  completely  faturated,  will  be  found  to  weigh  heavier, 
to  wear  better,  and  to  be  lefs  fufceptihle  of  moifturej  than  the 
leather  tanned  in  the  ufual  way. 

THE  following  additional  explanations  may  be  of  ufe  .to 
thofe  to  whom  lcientific  terms  and  chemical  operations  are 
not  familiar. 

T.  BefpeCting  the  number,  the  difpofition,  and  the  di- 
hienfions  of  the  digeflers.  Five  or  fix  of  thefe  veffels  are  fuf- 
jficient  to  fliow,  by  way  of  experiment,  the  nature  of  the 
procefs,  the  different  principles  contained  in  the  bark,  how 
they  are  to  be  djftinguifhed  and  feparated  from  each  other, 
occ,  But  when  the  bufinefs  is  conduced  on  a  permanent 
and  extenfive  fcale,  a  much  greater  number  will  be.  neceffary, 
not  only  for  the  purpofe  of  fupplying  the  required  quantity 
of  liquor,  hut  alfo  for  fpending  or  completely  exhaufling  the 
tan,  particularly  in  cold  weather,  or  if  hard  water  is  ufed, 
and  the  bark  not  ground  fine  enough.  I  would  recommend 
twelve  digeflers  at  leaft,  fully  to  anlwer  thefe  purpofes. 

They  may  be  difpofed  in  four  rows  of  three  veffels  each :  the 
two  middle  rows  placed  clofe  to  each  other;  the  two  fide  rows 
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feparat’ecl  from  them  by  a  paflage  for  a  fmall  cart  dr  wheel¬ 
barrow  to  fill  the  digefters  occalionally  with  new  tan,  and  to 
remove  it  when  (pent.  The  bottoms  of  the  four  front  digeft¬ 
ers,  or  thofe  neareft  the  vats,  fhdnld  be  fotne  inches  higher 
than  the  edge  of  the  vats,  fo  that,  when  the  liquor  is  ready, 
if  may,  by  means  of  a  fhoot,  and  turning  the  cock  in  the 
digefter,  run  of  itfelf  into  the  vat  where  it  is  whited.  Over 
each  of  thefe  front  digefters  is  to  be  placed  a  fecond,  projett- 
ifig  a  little  into  it,  fo  that,  by  turning  a  cock,  the  liquor  may 
run  from  the  upper  into  the  lower  digefteiq  Without  the  trou¬ 
ble  of  pumping;  rind  over  the  fecond,  a  third  placed  in  the 
fame  manher  and  for  the  fame  purpofe. 

By  this  difpofitioh  of  the  digefters  all  the  labour  of  ptimp- 
ihg  is  avoided,  except  from  each  of  the  loweft  to  the  upper- 
rhoft  orte  of  the  next  row.  The  four  inferior  digefters  muft 
confequently  be  provided  with  ail  eye  each,  for  the  pump  to 
ftand  in  when  neceftary. 

Befides  the  cock  or  plug  placed  in  the  part  of  the  fuperior 
digefters  which  projects  into  thofe  immediately  under  them, 
there  muft  be  another  in  the  fide  for  the  purpofe  of  conveying 
the  liquor  into  the  vats,  when  neceftary,  by  means  of  a  flioot. 

4  As  to  the  dimenfions  of  thefe  veftels,  their  depth  fhould 
not  exceed  two  feet  and  a  half,  or  three  feet  at  moft ;  but 
they  may  be  as  wide  as  the  breadth  of  the  fhed  or  building, 
where  they  are  erected,  will  admit;  and,  if  large  enough  to 
contain  half  a  ton  of  bark  at  a  time,  the  better  will  they 
anfwer  the  defired  end.  They  fhould  be  made  of  wood,  and 
not  pitched.  Metallic  or  brick  digefters  would  greatly  injure 
the  liquor;  no  cement,  or  mortar  made  of  lime,  fhould  be 
ufed  in  them,  becaufe  lime  deftroys  all  the  tanning  principle 
with  which  it  comes  in  contact. 

Though  thefe  obfervations  are  applicable  chiefly  where 
new  digefters  of  the  moft  convenient  form  are  to  be  erected, 
yet  even  in  old  tan  yards,  where  fome  of  the  pits  already  in 
ufe  may  be  converted  into  digefters,  their  number  and  depth 
Ihould  be  attended  to.  There  fhould  be  twelve  of  them,  at 
leaft,  if  poflible,  for  the  reafons  already  affigned ;  that  is,  for 
fupplying  the  neceftary  quantity  of  liquor,  and  completely 
exhaufting  the  tan  :  their  depth  fhould  not  exceed  three  feet* 
that  the  p  refill  re  of  too  high  a  column  of  bark  may  not  pre¬ 
vent  the  water  from  diflolving  all  its  parts  equally,  and  that 
the  tan,  by  clodding,  which  it  is  apt  to  do,  may  not  prevent 
the  liquor  from  running.  No  more  water  fhould  be  poured 
on  the  tan  than  is  fufticient  to  cover  it,  and  therefore  the 
eyes  of  tfrefe  fpenders  fhould  be  no  larger  than  is  abfoluteiy 
aocelfary  for  the  pump  to  ftand  in. 
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It  is  foarcely  neceftary  to  add,  that  the  bark  as  well  as  the ' 
infutions  fhould  be  carefully  prole&ed  from  rain,  fnow,  and 
hail,  which  would  injure  them  materially  ;  and  even  from 
ftoft,  if  poll  ble,  hecaufe  the  operation  of  the  liquor  when 
frozen  is  totally. fufpended. 

2.  Five  or  ftx  davs  are  generally  fufficient  for  the  immerfion 
of  the  hides  in  the  fame  vats,  as  by  that  time  they  come  to 
an  equilibrium,  in  point  of  faturation,  with  the  liquor;  that 
is  to  Vay,  they  acquire  all  the  ftrength  the  liquor  can  give 
them.  They  are  then  to  be  fhified  into  a  ftronger  infufion, 
where  they  may  remain  the  fame  number  of  days.  In  mild 
weather,  if  the  liquor  is  of  a  proper  ftrength,  three  or  four 
imimrftons,  of  rive  or  fix  days  each,  will  be  fufficient  to  tan 
the  bides,  which  in  the  old  mode  require  eighteen  or  twenty 
months  to  be  completely  tanned.  To  keep  them  longer  in 
the  fame  liquor  would  be  lo  much  time  loft,  as  in  making 
the  infufions  it  would  be  a  lofs  of  time  to  let  the  liquor  liana 
more  than  a  couple  of'  hours  on' the  lame  tan.  It  is  not  the 
length  of  time  during  which  the  fame  water  ftands  on  the 
bark,  but  the  number  of  waterings,  that  will  completely  fe- 
pirate  the  tanning  principle  from  it.  As  the  heavieft  and 
belt  part  of  the  liquor  always  falls  to  the  bottom  of  the  vats, 
it  fnould  be  ftirred  up  from  time  to  time. 

g.  The  ule  of  the  folution  of  glue  ihould  not  he  neglected. 
Since  this,  folution  has  been  made  known  as  a  tell  for  aider- 
taming  the  prefer  ce  of  the  tanning  principle  in  the  intufions 
of  diftereni  kincs  of  bark,  a  great  variety  of  them  have  been 
already  found,  and  many  others  may  vet  be  di fcovered*  to  be 
excellent  fubnitutes  for  oak  bark;  and  in  proportion  as  their 
ufe  becomes  general  it  will  necelfarily  lower  the  prefent  high 
price  of  the  latter  art.  e’e,  and  fare  many  young  oaks. 

Among  ft  the  barks  already  found,  by  means  of  this  teft, 
to  contain  the  tanning  principle  in  a  greater  or  lefs  propor¬ 
tion,  the  principal  ,  are  thole  of  the  following  trees,  viz. 
willow,  alb,  hazel,  Spam  ill  cheftnut,  poplar,  fallow,  cherry- 
tree,  birch,  fycamore,  plum-tree,  beech,  and  elder. 

4.  In  tan  yards  where  there  is  not  a  fufficient  body  of 
running  water  for  foaking  and  walking  the  fkins,  in  order  to 
extract  the  lime  from  them,  the  prefent  mode  of  extracting 
it  in  gtainers,  by  means  of  pigeon’s  dung,  hen’s  dung,  or 
other  alkaline  Jubilances,  may  be  continued ;  but  the  fkins 
fhould  never  be  put  into  the  fame  liquor  in  which  hides  un¬ 
paired  with  the  gallic  ,  and  vitriolic  acids  have  Seen  tanned. 
The  ufe  of  thefts.  acids  is  not  abfolutely  neceftary  either  to 
fhorten  the  time  or  produce  good  leather,  but  when  ufed  will 
be  found  to  add  conftdprably  to  us  weight. 
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5.  By  means  of  the  hydrometer  the  comparative  value  of 
ah  forts  of  bark  may  be  ealily  determined.  For  this  purpofe 
take  equal  quantities  of  the  barks  to  be  compared ;  infufe 
them  the  fame  number  of  times  in  equal  quantities  of  water, 
and  the  hydrometer  will  Aiow  their  relative  ftrength  or  value. 
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By  Dr,  G.  Carradori  *, 

T  . 

JLF  a  few  fmall  dry  bodies,  fuch  as  bits  of  dry  leaves  or  faw- 
duft,  be  thrown  into  water  and  immerfed  at  about  the  di- 
Aance  of  an  inch  under  each  other,  during  the  time  of  im- 
merfion  you  will  fee  the  bodies  leparate  themfelves  a  little 
from  each  other,  owing,  as  may  be  readily  conceived,  to  the 
effects  of  the  motion  occasioned  by  immerfing  them  in  the 
fluid.  If  you  then  bring  one  of  thefe  bodies  near  to  another, 
the  latter  will  every  where  follow  the  other,  whether  you  im- 
merfe  it  deeper,  raifedt  above  the  water,  or  move  it  horizon¬ 
tally ;  and  both  bodies  will  hang  to  each  other,  and  thus  ex- 
ercife  a  kind  of  attractive  force.  This,  however,  is  not  the 
eflfeCf  of  the  reciprocal  attraction  of  the  bodies;  for,  in  the 
firft  cafe,  that  is,  when  you  immerfe  the  one  body  deeper, 
the  other  will  endeavour  to  approach  it,  becaufe  a  cavity  or 
circular  vacuity  is  produced,  in  which  it  muft  then  follow 
the  current;  and  the  caufe  of  this  is,  that  the  cohefive  power 
of  the  water  is  not  fo  ftrong  as  the  attraction  which  it  ex- 
ercifes  over  that  body,  and  therefore  its  furface  always  yields 
more,  and,  keeping  behind  the  body,  puflies  it  forwards,  and, 
as  it  were,  fwallows  it  up.  This  phenomenon  is  exhibited 
by  all  floating  bodies  which  attraCf  the  water;  for  they  fol¬ 
low  the  fame  movement,  which,  according  to  the  adhefion 
which  it  has  with  the  body,  either  riles  upvyarcls  or  links 
down. 

As  it  has  been  obferved  that  all  bodies  which  contain  a 
certain  volatile  or  fixed  oil,  or  refin,  have  an  extenfive  power, 
whether  they  be  fluid  or  hard,  and,  in  the  laft  cafe,  that  they 
fall  into  dull  as  foon  as  they  are  applied  to  the  furface  of  the 
water,  I  am  of  opinion  that  all  fubflances  which  exhibit 
fuch  a  phenomenon  contain  a  common  oil,  or  refin,  which 
gives  rile  to  it.  I  will  not  here  mention  that  feries  of  bodies, 
all  of  an  oily  or  refinous  nature,  with  which  I  made  experi¬ 
ments;  but  I  can  aflert  that  they  all  produced  this  effeCl  in 
a  greater  or  lefs  degree.  Milk  for  example,  which,  as  every 
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6ne  knows,  is  an  exprefifed  juice,  extends  itfelf  upon  vvater, 
as  well  as  the  milky  juice  of  the  tithymalus  and  other  plants 
of  the  like  kind,  though  vifibly  with  lefs  force;  and  therefore 
there  is  no-reafon  to  doubt  that  the  farina  of  fruits  and  other 
feeds  is  of  the  fame  nature  as  an  expreifed  juice,  as,  both  in  a 
hard  and  fluid  ftate,  it  extends  itfelf  on  the  water  in  the  fame 
manner  as  the  milky  juice  of  plants.  The  caufe  of  the  greater 
velocity  with  which  farina  fpreads  itfelf  on  water  than  milk  and 
the  milky  juice  of  plants,  ought,  in  my  opinion,  to  be  aferibed, 
without  all  doubt,  to  the  refinous  parts  which  form  a  differ¬ 
ence  between  it  and  milk,  as  the  latter  contains  a  fixed  oil. 
This  is  the  cafe  not  only  in  regard  to  common  meal,  but  alfo 
in  regard  to  the  tuberous  roots,  all  the  graifes,  and,  in  ge¬ 
neral,  all  plants ;  and  befides  thefe,  the  farina  of  a  great  num¬ 
ber  of  feeds  of  various  kinds,  both  inflammable  and  incom- 
huftible,  with  which  I  made  experiments :  mealy  fruits  have 
ibis  property  in  an  eminent  degree  ;  and  on  this  account  we 
liave  reafon  to  aflfert  that  all  of  them  have  a  fuperabundahee 
of  refinous  particles,  and  that  they  fhiift  afford  no uri filing 
food.  There  is  reafon  to  believe  that  the  refinous  part  of 
corn  or  fruit  coni! ft s  in  the  gelatine,  and  therefore  I  ima¬ 
gined  that  fiarch,  as  a  kind  of  mucilage,  rnufi  be  deprived 
of  its  property  of  extending  itfelf  in  water  ;  hut  it,  however, 
poflelfes  that  property,  though  in  a  lefs  degree  than  meal. 
We  cannot  therefore  refufe  to  admit  in  it  a  refinous  fubfiancC 
alfo.  .  It  muft,  however,  be  a  fubftance  more  mucilaginous 
than  gelatine  itfelf,  or  refin;  and  we  muft  aferibe  the  differ¬ 
ence  of  thefe  two  fubftances  to  the  proportion  of  this  prin¬ 
ciple,  and  perhaps  alfo  to  its  different  combinations. 

Real  gum,  when  divided  into  as  fmall  particles  as  pofifible, 
has  an  extenfive  movement  on  the  lurface  of  the  water  alfo. 
I  therefore  confider  gum,  refinous  gum,  and  refin,  to  be  al- 
moft  degrees  of  one  and  the  fame  fubftance. 

When  I  was  making  experiments  of  this  kind  with  differ¬ 
ent  fubftances,  a  thought  ft-rack  me  to  pound  a  piece  of  bread, 
made  of  dry  grain,  and  to  make  experiments  with  it  alfo,  in 
order  to  afeertain  whether  it  Hill  retained  the  property  of 
meal,  and  I  found  that  it  ftill  exhibited  the  fame  pheno¬ 
menon.  This  induced  me  to  conclude  that  the  refinous  part 
of  meal  is  deftroyed  neither  by  fermentation  nor  the  procefs 
of  baking. 

Before  I  quit  this  fubje£t  it  may  not  be  fuperfluous  to  in¬ 
form  thofe  who  may  with  to  make  experiments  of  this  fort, 
particularly  with  a  view  to  difeover  thofe  fubftances  which  con¬ 
tain  oil  or  refin,  what  cautions  muft  be  tried  to  prevent  them 
from  falling  into  errors.  .  Their  f-irft  care,  then,  ought  to  be. 
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that  the  water  on  which  the  fubftance  with  which  they  meatf 
to  make  their  experiments  is  thrown,  may  have  a  large  fur? 
face,  and  the  experiment  will  be  decifive  when  it  is  performed 
in  a  veflel  into  which  the  water  flows  and  runs  out,  or  in  a 
river  or  pond.  , 

If  the  experiment  be  made  in  a  veflel  filled  with  water* 
oily  impurities  may  eafily  adhere  to  the  tides  of  it,  and  thus 
prevent  the  efiedt,  as  they  will  occupy  the  furface  of  th© 
water. 

Care  siuft  be  taken  alfo  that  no  oily  fubftance,  of  what* 
ever  nature,  may  have  been  previoi-ifly  adhering  to  the  veflel  | 
lor,  in  that  cafe,  the  experiment  would  fail. 

The  evaporation  of  the  body  may  alfo  occafton  decep¬ 
tion.  I  have  myfelf  obferved,  that  when  the  hand  is  rubbed 
under  the  armpits,  over  the  forehead,  or  on  any  other  part 
of  the  body  from  which  more  oily  evaporation  proceeds  than 
from  others,  and  if  a  piece  of  earth  be  taken  in  this  hand  and 
placed  on  the  water,  an  extenfive  movement  immediately 
takes  place.  The  fame  thing  may  happen,  if  the  fubftance 
-with  which  the  experiment  is  made  be  held  a  long  time  in 
the  hand.  It  is  therefore  neceflary  to  wafli  the  hands,  and, 
after  they  have  been  well  dried,  to  proceed  to  the  experiment; 
by  throwing  the  fubftance  on  the  water  from  a  fmall  fpoom 
It  may  thence  be  readily  conceived  what  errors  may  arife  if 
all  thefe  precautionary  rules  are  not  obferved. 
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ELIEF  in  the  influence  of  the  ftars  on  the  fortune  and 
chara&er  of  man,-  together,  with  the  attention  always  un¬ 
avoidably  given  to  the  meafurement  of  time,  preferred  foure 
knowledge  of  aftronomy  among  our  a  nee  (tors  even  in  the 
darkeft  ages. of  modern  Europe,  and  rendered  it  one  of  the  firit 
obje£ls  of  zealous  ftudy  at  the  sera  of  the  general  revival  of 
learning  and  Icience.  The  alchemical  dream  of  the  convert!* 
foility.ot  allbafer  metals  into  gold,  engaged  many  an  eu.thufiafi 
and  many  an  impoftor  in  experiments  in  chemiftry,  from  the 
earlieft  period  in  modem  hiftory  from  which  we  have  any 
-  information  of  the  purfuits  of  the  inquifitive  and  the  learned. 
The-uies  of  common  life,  and  the  reftoration  of  this  part  of 
'the  fcience  of  the  antients,  encouraged  and  advanced  tl^e 
■ftudy  of  mechanics  even  in  the  fifteenth  and  fixteenth  cen¬ 
turies.  No  other  branch  of  phyftcal.lcteuee  but.thde  three 
*•  ■  ,  had 
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had  been  much  or  fuccefsfully  fludied  by  the  moderns  before 

the  days  of  Bacon. 

It  was  the  grand  merit  of  Bacon,  that  he  turned  mankind 
from  invefti crating  in  fcience  “  merely  the  relations  of  exift- 
ence  (in  general  very  imperfedfly  known),  and. of  words/’— * 
“  to  acquaint  themfelves  more  fully,  by  the  experiments  of 
the  fenfes  and  of  auxiliary  inftruments,  with  exiftence  in  its 
different  fenfible  modifications,  and  with  the  mutual  relations 
of  the  various  parts  of  material  exigence  to  one  another.” 
Science  was  thus  at  once  reduced  to  “  experience,  and  the 
arrangement  of  the  faffs  which  experience  afcertained.”  The 
unite?  inquiries,  obfervations,  and  memoranda,  of  as  many 
as  poffible  of  the  intelligent  and  enlightened  part  of  the 
human  race,  were  henceforth  underftood  to  afford  the  only 
means  for  its  true  improvement.  Men  became  now  firft 
fenfible,  that*  by  due  inveftigation  pf  the  qualities  and  the 
phenomena  of  matter,  they  might  difeover  modes  of  fcience 
unknown  to  the  antients.  And  the  necefhty  for  the  affocia- 
tion  of  philofophers,  in  order  to  the  accomplifhnient  of  the 
o-reat  purpofes  of  philofophical  inquiry,  was  from  this  time, 
by  thofe  who  adopted  the  views  of  Bacon,  warmly  acknow¬ 
ledged. 

It  dwelt  much  upon  the  minds  of  the  ingenious  and  inqui- 
fitive  in  England.  Milton’s  plan  for  a  new  feminary  and 
courfe  of  education,  in  his  letter  to  Hartlib,  feems  to  have 
been  fuggefted  by  this  fundamental  idea.  Cowley’s  propofal 
of  a  philofophical  college,  to  be  eftablifhed,  with  an  income 
of  four  thoufand.  pounds  a  year,  at  Chelfea,  was  a  fine  model 
for  the  union  of  a  fchool  with  a  fociety  for  the  advancement 
of  phyfical  knowledge.  It  was  within. a  few  years  after  the 
death' of  Charles  the  Firft,  that  a  few  of  thofe  perfons,  who 
were  afterwards  incorporated  in  the  Royal  Society  ol  London, 
began  at  Dr.  Wilkins’s  lodgings,  in  Wadham  college,  Ox¬ 
ford,  thofe  philofophical  meetings  which  were  to  be  in  that 
fociety  continued. 

Thefe  were  almoft  the  firft  philofophical  meetings  in  Europe 
for  the  advancement  of  phyfical  knowledge.  There  were  in 
Italy  more  than  forty  academies,  for  the  refining  of  the  Italian 
language  and  the  focial  ftudy  of  the  fine  arts.  But,  though  the 
focietiesof  architects, fculptors, and  painters,  might  make  fome 
inquiries  and  obfervations  relative  to  thofe  parts  of  phyfics  in 
which  their  refpeCtive  arts  were  immediately  concerned  :  yet 
the  opprobrium  of  atheifm,  which  was  charged  againft  the 
earlier  natural  philofophers  in  that  country,  had,  with  other 
caufes,  hitherto  prevented  focieties,  -with  exprefs  and  exclufive 
tiews  to  phyfical  difeovery,  from  there  arifing.  In  France, 
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an  academy  had  been  inftituted  at  Paris  for  the  refinement  of 
the  French  language.  A  fimilar  eftabliftment  began  to  be 
formed  at  Caen.  At  Aix,  in  Provence,  the  illuftrious  Peirefc, 
the  Robert  Boyle  of  France,  not  only  correfpohded  with  the 
rnoft  eminent  and  ingenious  men  in  Europe  on  almoft  every 
interefiing  fubjedl  in  phyfics  and  in  the  ftudy  of  antiquities^ 
but  engaged  his  friends  often  to  afiemble  in  his  houfe  for  the 
mutual  communication  of  their  observations  and  difeoveries 
as  well  in  natural  philofophy  as  in  every  other  part  of  know¬ 
ledge.  But  the  institution  of  an  academy  of  Sciences  was 
referved  to  diftinguifh,  at  a  period  Somewhat  later,  the  mi- 
niftry  of  Colbert,  and  the  mod  Splendid  part  of  the  reio  n  of 
Lewis  the  Fourteenth.  The  profeffors  in  the  Germanium- 
Verfities  occafionally  met  and  eonverfed  about  the  Subjects 
and  ends  of  their  Studies;  but  in  thefe,  phyfical  Science  had, 
hitherto,  but  Small  ft  are  ;  and  there  was  not  as  yet,  in  Ger¬ 
many,  any  Separate  company  of  philofophers  aifociated  for 
the  inveft-igation  of  the  laws  of  material  nature. 

Dr.  Seth  Ward,  the  Hon.  Robert  Boyle,  Dr.  Wilkins, 
Sir  William  Petty,  Mr.  Matthew  Wren,'  Dr.  Wallis,  Dr. 
Goddard,  Dr.  Willis,  Dr.  Bathurft,  Dr.  Chriftopher  Wren, 
and  Mr.  Rooke,  were  the  principal  perfons  who  aifociated 
at  the  meetings  in  Wadham  college.  They  met  rather  to 
perform  experiments  than  to  difeourfe  about  them.  Mecha¬ 
nics  and  chemiftry  were  the  branches  of  Science  to  which 
their  ftrft  experiments  chiefly  related.  In  the  year  1658  the 
Scene  of  their  meetings  was  transferred  from  Oxford  to  Gra¬ 
ft  am  college,  in  London.  Their  numbers  were  here  foon 
considerably  augmented.  Their  meetings  were,  for  a  time, 
interrupted  by  the  disturbances  which  enfued  between  the 
ufurpation  of  the  Cromwells  and  the  reftoration  in  1660. 

At  the  reftoration,  two  Scotfmen,  Sir  Robert  Moray,  of 
Tibbermuir,  and  a  Mr.  Erfkine,  who,  having  followed  the 
king  in  his  exile,  had  now  influence  at  court,  eagerly  joined 
the  pbilofophical  meetings  at  Greftam  college,  and  per¬ 
vaded  their  Sovereign  to  take  the  rifing  Society  under  his  own 
Special  patronage.  A  royal  charter  was  foon  after  granted, 
incorporating  thefe  philofophers  into  a  body,  to  con  ft  ft  of  a 
preftdent,  a  council  of  one-and-twenty  members,  and  an  in¬ 
determinate  number  of  fellows.  William  Lord  Vifcount 
Bro unker  became  their  ftrft  preftdent.  The  institution  was., 
tor  a  time,  very  much  an  objeef  of  fafhionable  attention  at 
court.  The  king  himfelf,  as  the  patron  and  founder,  the 
duke  of  Buckingham,  prince  Rupert,  the  earl  of  Clarendon, 
the  ftrft  ear]  of  Shfafteibury,  Monk  duke  of  Albemarle,  duke 
Albert  of  Branfwiak-Luaenburgb,  the  earl  of  Peterborough, 

were 
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were  enrolled  at  the  head  of  a  number  of  diftinguifhed  narne> 
in  the  fir.ft  lift  of  the  members-— Ovine  ignotum  pro  mirablTi, 
For  a  time.,  the  molt  extravagant  enthufiafm  was  excited  in 
favour  of  the  new  fociety,  and  from  its  exertions  an  improve¬ 
ment  thy  moft  extraordinary  of  all  the  arts  of  life  was  ex- 
peeled  at  once  to  enfue. 

The  meetings  of  the  fociety  continued  after  its  incorpora¬ 
tion  by  charter,  as  before,  to  be  held  at  Grefham  college. 
They  took  place  every  Wednefday  in  term  time,  immediately 
after  the  lecture  of  the  profeffor  of  aftronomy  in  that  college, 
and  were  eagerly  attended  by  the  members.  Dr.  Croon  o', 
with  the  title  of  regifter,  had,  at  firft,  the  care  of  recording 
the  traufa&ions  at  thefe  meetings  in  journals.  It  was  after¬ 
wards  committed  to  Dr.  Wilkins  and  Mr,  Oldenburgh,  the 
two  firft  fecretaries.  Cowley  had  demanded  a  revenue  of 
four  thoufand  pounds  a  year  for  his  projected  college  at  Chel- 
fea  ;  but  the  Royal  Society  was  fupported  without  any  public 
fund,  ftmply  by  the  voluntary  contributions  of  the  gentlemen 
of  whom  it  was  compnfed. 

The  fociety  entered  upon  its  refearclies  with  views  at  once 
magnificent  and  phi lofophi call y  modeft.  It  propofed  but 
4i  to  make  faithful  records  of  all  the  works  of  nature  and 
art.”  Ry  thefe  it  hoped  to  explode  errors,  to  reftore  neg- 
ledted  truths,  to  apply  philofophv  to  the  ufes  of  life,  and 
to  open  up  the  avenues  to  future  difeovery.  It  profeffed  to 
admit  into  its  afifociation  men  of  all  religions,  all  countries, 
all  conditions  and  employments  in  life.  They  propofed  to 
derive  ufeful  truth  not  only  from  the  learned  and  profefied 
philgfophers,  but  from  the  (hops  of  mechanics,  the  voyages 
of  merchants,  the  ploughs  of  hufbandmen,  the  fports,  fifth  - 
ponds,  parks,  and  gardens,  of  gentlemen.  Some  hefitated 
whether  Mr,  Grant,  a  fmall  lhopkeeper  in  London,  the 
author  of  fome  excellent  obfervations  on  the  bills  of  mor¬ 
tality,  fhould  be  received  into  fuch  a  company  of  philofo- 
Pb  ers.  But  king  Charles,  on  perufing  his  obfervations,  not 
only  recommended  his  immediate  ad  million,  but  defired  that 
they  would  add  to  their  number  as  many  fhopkeepers  as  pof- 
lible  of  equal  endowments. 

In  their  refearches  they  would  not  truft  the  reports  of 
others  in  any  cafe  where  they  could  bring  the  matter  under 
the  examination  of  their  own  fenfes.  In  fome  inftances 
they  allowed  particular  members  to  choole  whatever  fubjeCts 
they  Ihould  think  proper ;  to  inftitute,  at  pleafure,  any  train 
of  experiments  on  them ;  to  defray  the  expenfe  from  the  purfe 
of  the  fociety ;  and  then  to  report  at  the  meetings  the  feries 
and  the  refults  of  the  experiments  they  had  thus  made. 

Other 
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Other  experiments  were  exprefsly  ordered  by  the  voice  of  the 
whole  fociety,  and  were  intruded  in  the  performance,  not  to 
tingle  perfons,  but  to  committees  nominated  for  the  occafiom 
For  inquiry  concerning  things  at  a  didance,  they  had,  very 
early,  begun  a  C.orrefpondence  with  the  inquifitive  and  enlight¬ 
ened  in  almod  every  different  part  of  the  world.  At  many  expe¬ 
riments  in  the  parks,  in  the  royal  gardens,  and  on  theThames, 
the  king  himfelf  zealouOy  abided  in  perfon.  Mr.  Huvgen.s, 
the  famous  philofopher  in  Flanders,  received,  foon  after  the 
inditution  of  this  fociety,  its  frequent  a ili fiance,  and  com- 
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municated  to  it  all  his  difeoveries  and  inventions  ;  in  parti¬ 
cular,  that  noble  one  of  the  find  application  of  the  motion  of 
pendulums  to  clocks  and  watches.  The  philofophers  of  Flo¬ 
rence,  and  efpeeiallv  the  grand  duke?s  brother,  prince  Leo¬ 
pold,  entered  into  friendly  correfpond'ence  with  the  Ensfiuh 
philofophers,  and  acquainted  them  with  every  new  obferva- 
tion  that  was  made  on  nature  in  Italy.  .  The  Germans  no 
fo otter  beard  of  this  inditution  than  they  fen t  many  of  their 
books  to  be  fubmitted  to  its  cenfure,  and  edntributed  iike- 
wife  prefen ts  of  various  new  inflrutnents  of  their  invention. 
The  travellers,  phydeians,  furgeons,  anatomids,  &c.  of 
France  were  peculiarly  early  and  frank  in  their  communi¬ 
cations  to  it.  The  Academy  of  Arts  and  Sciences  at  Paris 
was  loon  after  embodied  in  imitation  of  this  fociety :  and  the 
example  of  the  Engiidi  was  quickly,  more  or  lefs,  followed  in 
almod  every  country  of  Europe  in  favour  of  the  phyfical  fei- 
ences  and  the  ufeful  arts. 

The  experiments  which  king  Charles  the  fecond  was  the 
mod  attentive  to,  related  chiefly  to  chemiftrv  and  mechanics. 

J  9  J  r  a 

Ffe  would  often  amide  himfelf  at  Whitehall  in  the  execution 
of  curious  mechanical  works.  He  had  alfo  in  his  palace  a 
fmall  laboratory  for  chemical  operations.  Fie  made  aflrono- 
mical  obfervations,  upon  various  oecadons,  in  Saint  Jameses 
Park.  He  was  exceedingly  curious  in  dire  Fling  the  inquiries 
of  the  fociety  to  every  thing  that  concerned  the  improvement 
of  the  art  of  fhip-building.  He  attended  and  dire  fled  dif¬ 
ferent  experiments  at  the  l  ower  of  London,  as  well  as  at 
Whitehall,  to  afeertain  the  forces  of  projectiles,  with  their 
variations  in  different  eircum  fiances. 

In  their  early  meetings,  the  members  of  the  fociety  were 
at  great  pains  to  didinguifh  what  objects  were  the  wonhieft 
of  their  find  inquiries.  Some  were  directed  to  examine  all 

treatifes  and  deferiptions”  of  the  natural  and  artificial  pro¬ 
ductions  of  foreign  countries  :  others  were  commiffioned  to 
tiUfciourfe  with  feamen,  travellers,  tradefmen,  and  merchants, 
by  whom  thoCe  countries  and  their  productions  had  been  per- 
.  Vox..  XI.  C  fonally 
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fonallv  examined.  From  the  union  of  the  viva  voce  with 
the  written  intelligence  papers  were  formed,  explaining  fum- 
marily  what  was  known  concerning  every  different  country, 
and  what  remained  to  be  yet  inquired  into.  Thefe  papers 
were  read  at  fuhfequent  meetings ;  and  queries  were  then 
drawn  from  them,  to  be  tranfmitted  for  anfwers  to  the  fo- 
cietv’s  foreign  correfpondents. 

One  fet  of  queries  which  were  prepared  among  the  earlier 
labours  of  this  fociety,  had  for  its  object,  to  mark  66  what 
things  were  needful  to  be  obferved  in  order  to  the  making  of 
a  natural  hiftorv  in  general.”  They  formed  fimilar  queries 
refpeCting  the  hiftories  of  the  air,  atmofphere,  and  weather; 
of  the  production,  growth,  &c.  of  vegetables;  of  agriculture, 
&c.  They  marked  out  trains  of  experiments  to  be  tried  on 
rarefaction  and  condenfation ;  on  the  petrifaction  of  wood; 
on  the  loadflone ;  on  the  difcoveries  wanted  to  complete  the 
fcience  of  anatomy  ;  on  injections  into  the  blood  of  animals, 
and  on  the  Iransfufion  of  the  blood  of  one  animal  into  an¬ 
other  :  on  the  tides  of  the  fea  ;  on  the  varieties’ of  oyfters,  and 
the  manner  of  their  nourifhment  ;  and  on  the  phenomena 
of  mines.  They  gave  directions  to  feamen  for  the  obfervation 
of  the  eclipfes  of  the  moon,  the  eclipfes  of  the  fun  by  Mer¬ 
cury,  and  the  fatellites  of  Jupiter.  They  fent  abroad  direc¬ 
tions  for  obfervations  and  experiments  to  be  made  in  India, 
China,  the  id  and  of  St,  Helena,  Teneriffe,  Guinea,  Bar¬ 
bary,  Morocco,  Spain,  Portugal,  Turkey,  France,  Italy, 
Germany,  Hungary,  Tranfylvania,  Poland,  Sweden,  leer 
land,  and  Greenland. 

One  of  the  fir  ft  anfwers  they  received  to  their  inquiries, 
concerning  foreign  countries,  was  fent  from  Batavia  by  Sir 
Philiberto  Vernatti.  It  corrected  an  error,  prevalent  in  Eu¬ 
rope,  <c  that  diamonds  and  other  precious  hones  were  in  the 
Indian  idles  continually  renewed,  as  by  vegetation,  in  the 
quarries  out  of  which  they  were  taken.”  It  informed  them 
of  the  exigence  of  a  volcanic  mountain  in  Java,  and  another 
in  Sumatra.  It  exploded  a  vulgar  error,  which  one  thou  Id 
have  thought  to  be,  even  otherwife,  incapable  of  obtaining 
for  a  moment  the  affent  of  philolophers — 66  that  there  was  in 
the  iffand  of  Sambrero,  lying  north  from  Sumatra,  a  fenfitive 
plant  that  would,  when  pulled  with  the  hand,  fhrink  into 
the  earth,  and  that  had  for  its  root  a  living  worm.”  It 
'brought  one  of  the  fir  ft  accounts  propagated  in  Europe  of  the 
exigence  of  the  hohan  upas,  the  famous  poifon-tree  of  Java. 
It  added  a  variety  of  other  curious  information  concerning 
the  moll  extraordinary  objects  and  arts  in  the  Eaft.  But  of 
the  queries  lent  out,  it  left  ftill  many  unanfwered. 


and  Prog  refs  of  the  Royal  Society  of  London .  35 

Mr.  Hooke  was  one  of  the  moft  ingenious  and  indefati¬ 
gable  of  the  early  members  of  this  fociety.  He  explained, 
in  an  admirable  paper,  the  beft  method  of  making  a  hi  dory 
of  the  phenomena  of  the  weather.  He  made  many  experi¬ 
ments,  which  were  repeated,  with  many  variations  of  cir- 
cum dances,  by  the  fociety,  to  prove,  “  that  vidble  and  fen- 
fible  fire  was  but  the  act  of  the  didblution  of  heated  bodies 
by  the  air:  that  this  didblution  of  fuch  bodies  took  place  in 
a  manner  pcrfcdtly  fimilar  to  the  dilution  of  iron,  tin,  and 
copper,  by  acids  :  that  the  evolution  of  heat  and  light  was  a 
neceflary  refult  of  the  dilution  of  heated  and  combuftible 
bodies  in  air :  that  the  afhes  of  a  burnt  body  were  a  redduuni 
of  it,  that  was  infoluble  in  air.”  This  chemical  theory,  as 
the  learned  reader  cannot  but  perceive,  differs  from  that  which 
was  propofed  by  M.  Lavoifier,  and  is  now  defervedly  received 
as  philofophicai  truth,  only  in  being  expreflbd  in  the  chemical 
dialed!  of  that  time,  which  is  now  obfolete;  and  in  being, 
in  the  intention  of  its  author,  to  a  certain  degree  accommo¬ 
dated  to  other  theories  which  then  prevailed.  In  verifying 
the  theory  of  Hooke,  the  fociety  made  a  number  of  experi¬ 
ments  :  to  afcertain  how  long  a  candle,  a  lamp,  or  ignited 
coals,  would  continue  to  burn  in  a  cubic  foot  of  common,  of 
rarefied,  and  of  condenfed  air;  to  exhibit  the  bidden  extinc¬ 
tion  of  flame  by  the  affufion  of  air  already  fatiated  with  burn¬ 
ing,  and  the  impoffibility  of  even  the  moft  intenfe  and  torrid 
heat  to  continue  without  a  fupply  of  frefh  air;  and  to  find 
what  particular  degree  of  heat  wras  to  be  produced  from  the 
burning  of  every  different  combuftible  material.  By  other 
experiments,  having  a  refpedt  to  the  fame  theory,  they  afcer- 
tained  that  flame  was  fubjedt  to  be  extinguifhed  by  the  air 
in  a  deep  well.  They  made  befide  thefe,  and  with  a  view^ 
to  difcern  the  varied  phenomena  of  ignition  and  combuftion, 
independently  of  Mr.  Hooke’s  fyftem,  a  great  number  of  other 
experiments  on  the  bringing  of  copper  into  a  ftate  of  great 
combuftibility,  on  the  igniting  of  tin  filings  by  the  help  of 
nitre,  &c.  &c. 

They  inftitutcd  a  multitude  of  experiments  to  determine 
the  nature,  properties,  and  ufes  of  air.  By  the  care  efpe- 
cially  of  Mr.  Boyle,  many  trials  were  made  to  find,  by  means 
of  the  barofcopc,  the  different  degrees  of  the  preffure  or  gra¬ 
vity  of  the  atmofpbere  at  different  heights  and  depths.  They 
took  much  pains  to  difcover  the  oppofite  limits  of  the  rare¬ 
faction  and  the  condenfation  of  air.  They  made  a  variety 
of  experiments  on  the  propagation  of  found  in  air :  and  wrhat 
is,  in  a  chemical  point  of  view,  highly  remarkable,  a  number 
of  their  experiments  were  directed  to  afcertain  <(  the  genera- 
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tion  of  air,  bv  corrofive  menftrua,  out  of  fermenting  liquors  ; 
and  to  determine  the  fitnefs  or  unfitnefs  of  fuch  air  to  fupport 
combuftion  and  refpiration.”  Other  experiments  were  made 
by  them  for  the  purpofe  of  difcovering  how  long  a  man  might 
live  by  infpiring  and  refpiring  the  fame  air;  whether  air 
contaminated  by  refpiration  might  be  again  made  pure  and 
refpirable  ;  whether  the  unfitnefs  of  contaminated  air  for 
refpiration  were  not  a  quality  altogether  independent  of  its 
temperature,  as  hot  or  cold.  By  other  experiments  they  exa¬ 
mined  what  quantity  of  air  might  be  fufficient  for  the  refpi- 
ration  of  an  animal  for  a  given  fpace  of  time;  and  in  what 
manner  air,  previoufly  applied  to  fupport  combuftion,  became 
by  that  unfit  to  be  refpired.  Others  of  thefe  experiments  re- 
fpebled  the  necefiity  of  air  to  fupport  vegetation  ;  and  it  was 
the  objedt  of  others  to  examine  what  ufe  was  made  of  air  in 
the  vital  fundtions  of  fillies  under  water. 

Water  was  the  immediate  fubjedt  of  many  of  their  firft 
experiments.  Some  of  thefe  were  made  to  afcertain  the  dif¬ 
ferences  in  the  fpecific  gravities  of  different  forts  of  water. 
The  Torricellian  experiment  on  the  afcent  of  water  in  vacuo 
was  repeated  in  aim  off  every  poiiible  change  of  circum¬ 
stances.  Other  experiments  were  made  on  the  produdtion 
and  phenomena  of  fteam.  By  others  they  endeavoured  to 
find  the  differences  in  the  heat  of  the  waters  of  the  ocean  at 
different  depths  under  the  furface. 

On  ftones  and  metals  they  inftituted  many  experiments. 
Lead,  diamonds,  the  Bologna  ftone,  the  feparation  of  lilver 
from  lead,  and  efpecially  the  ioadftone  and  the  magnetized 
needle,  were  now  firft  philofophically  examined  in  regard  to 
fome  of  their  moft  important  qualities. 

They  examined  the- growth  of  vegetables  in  different  forts 
of  water;  the  utility  of  fteeping  feeds;  the  inverfion  of  the 
roots  of  plants  fet  for  growth ;  the  decreafe  of  the  weight  of 
plants  growing  in  air;  the  reunion  of  the  bark  to  the  wood 
from  which  it  had  been  flripped. 

Their  medical  and  anatomical  experiments  were  numerous. 
They  diftedfed  a  cameleon  :  they  made  inje&ions  into  the 
veins  of  different  animals :  they  made  a  number  of  obferva- 
tions  and  experiments  with  a  view  to  determine  how  far 
there  might  be  truth  or  falfity,  in  the  dodtrine  of  the  equi¬ 
vocal  generation  of  infebfs  :  they  made  many  trials  on  the 
meaner  animals  of  poifons  and  antidotes  :  they  tried  what 
effedts  might  enfue  from  the  transfufion  of  the  blood  of  one 
animal  into  the  veins  of  another:  and  they  made  likewife 
fome  curious  experiments  on  the  hatching  of  filk- worms  in 
rarefied  air.  .  ...  •  .>  :  ' 
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Their  experiments  on  the  freezing  of  water  in  different 
circum fiances  ;  on  the  production  of  cold  by  faline  folutions; 
on  ice,  to  evince  that  it  was  fufceptible  of  various  degrees  of 
cold  more  intenfe  than  that  of  fimple  freezing;  and  on  the 
congelation  of  oils ;  were  various,  interefting,  and  profecuted 
with  the  moft  attentive  accuracy.  A  curious  train  of  expe¬ 
riments  was  made  at  the  Tower,  under  the  immediate  infpec- 
tion  of  the  lord  vifcount  Broimker,  to  afcertain  what  changes 
might  be  produced  on  the  weights  of  lead  and  copper  by  fub- 
jedtion  to  fire  in  a  cupel.  Both  the  copper  and  the  lead 
were  found  to  gain  (by  oxidation,  no  doubt,)  an  addition. 
The  cupel  luffered  always  a  diminution  of  its  weight  when 
ignited,  but  not  a  diminution  equal  to  the  augmentation  in 
the  weight  of  the  metals. 

Among  the  inftruments  invented  by  the  fociety  within  a 
few  years  after  its  inftitution  were,  an  univerfal  ftandard 
meafure  of  magnitudes  by  means  of  the  pendulum;  a  wheel 
barometer,  and  other  inftruments,  for  finding  the  prefiure  of 
the  air;  an  auger  for  boring  the  ground,  and  fetching  up 
parts  of  the  ftrata  through  which  it  fhould  pals  in  their  na¬ 
tural  order;  an  in  ft  rumen  t  for  meafuring  the  lwiftnefs  and 
ftrength  of  the  wind  ;  a  diving-bell,  and  a  pair  of  fpectacles 
with  which  a  diver  might  fee  any  thing  diftindtly  under 
water;  feveral  engines  for  finding  and  determining  the  force 
of  gunpowder;  feveral  acouftic  inftruments  to  aftift  and  im¬ 
prove  the  fenfe  of  hearing  ;  a  chariot  way-wifer ,  which  would 
exactly  meafure  the  length  of  the  way  of  any  coach  or  chariot 
to  which  it  was  applied  ;  an  inftrument  for  grinding  optical 
glaftes  ;  a  variety  of  telefcopes,  &c.  &c. 

A  manufacture  of  glafs  had  been,  more  than  thirty  years 
before,  eftablifhed  in  Broad-ltreet,  in  London,  by  a  company 
of  mercantile  adventurers,  among  whom  the  moft  confider- 
able  perfon  was  admiral  Sir  Robert  Manfel.  Workmen  and 
fuperintendents  were  procured  from  Venice.  It  might  have 
gone  on  fuccefsfully,  if  the  great  civil  war  had  not  broken  out. 
Soon  after  the  reftoration,  the  duke  of  Buckingham,  at  a  vaft 
expenfe,  eftabliftied  new  glafs-works  in  London;  and  the  art 
was  there,  within  a  very  few  years,  carried  to  fuch  perfec¬ 
tion,  thattbefe  works  fupplied  better  glafs  for  mierofcopes  and 
telefcopes  than  that  which  was  to  be  had  from  Venice.  The 
duke  of  Buckingham  not  only  expended  much  money  upon 
thofe  glafs-works,  rather  as  an  experimental! ft  than  a  manu- 
faClu  rer,  but  took  a  warm  and  active  intereft  in  various  others 
of  the  focietv’s  purfuits;  and  it  was  under  his  immediate  pa- 
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tronagc  that  Dr.  Spratt  wrote  his  excellent  Hiftory  of  the. 
Royal  Society — the  fined  piece  of  Englifh  profe  tnat  was  pro¬ 
duced  in  the  feventeenth  century. 

[To  be  continued.] 

VI.  Chariot  IVay-'ivlfer — Pedometer — known  to  the  Antlents . 

By  Mr.  R.  Heron. 

To  Mr.  Tit  loch * 

SIR, 

JL  perceive,  by  feme  excellent  articles  which  have  at  dif¬ 
ferent  times  appeared  in  your  Magazine,  that  you  are  not 
averfe  to  illuftrate  the  fcicnces  and  arts  by  the  lights  of  claf- 
fical  erudition.  I  cannot  pretend  that  there  is  much  erudi¬ 
tion  in  having  particularly  remarked  the  following  paffage  in 
the  life  of  the  Roman  emperor  Pertinax  by  Julius  Capito- 
linus.  But  it  certainly  evinces  at  lead  one  ingenious  mode 
of  mechanical  art,  which  I  had  fuppofed  peculiar  to  the  mo¬ 
derns,  to  have,  on  the  contrary,  had  a  diftind  exiftence  like- 
wife  among  the  antients. 

This  paffage  occurs  where  the  biographer  has  occafion  to 
relate,  that  Pertinax,  to  find  money  for  a  donative  to  the  fol- 
diers  of  the  praetorian  guard,  fold  off,  by  a  nine  days  audtion, 
the  fumptuous  dreffes,  furniture,  and  curiofities  of  art,  with 
which  Commodus  had  filled  the  palace.  It  is  a  part  of  an 
abridged  inventory  of  the  things  fold  at  that  auction.  It 
confilis  of  two  claufes  :  I  (peak,  for  the  prefent,  chiefly  of  the 
latter. 

“  t.  Vehicula,  arte  fabrieata  nova,  perplexis  diverfisque 
rotarum  orbibus,  et  exquifitis  fedilihus, — nunc  ad  folem  de~ 
clinandum,  nunc  ad  fpiritus  opportunitatem,  per  vertiginem: 
2.  Et  alia,  iter  metientia,  et  horas  monftrantia/’ 

“  i.  Carriages  of  a  new  conflrudion,  with  wheels  of  dif¬ 
ferent  diameters,  and  curioufly  conneded  with  one  another, 
and  with  feats  of  a  peculiar  and  exquifite  contrivance ;  in 
which  vehicles  the  rider  could  at  pleafure  fhade  himfelf  from 
the  fun,  and  was  in  no  danger  of  getting  out  of  breath;  fo 
eafy  was  their  motion  at  its  utmoft  fwiftnefs.  2.  Alfo  other 
carriages,  which  had  contrivances  to  meafure  the  di fiances 
over  which  they  were  driven,  and  to  count  the  hours  fpent 
in 'the  journey. ■”  : 

Here  are  two  forts  of  carriages  mentioned,  both  of  new 
eonilrudion.  The  former,  remarkable  for  the  eafe  of  their 
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inotion,  in  confequence  of  having  wheels  of  different  diame¬ 
ters,  and  for  covering  the  rider  from  the  fun,  may  feem  to 
referable  fome  of  our  prefent  carriages  more  nearly  than  has 
been  fuppofed,  yet  do  not  fo  drikingly  differ  from  thofe  which 
were  common  among  the  antients  as  to  excite  much  furprife. 
But  the  latter  appear,  indeed,  extraordinary :  they  poffeffed 
all  the  advantages,  as  it  fhould  feem,  of  the  chariot  way- 
wifer ,  which  has  been  believed  to  have  been  firft  invented 
by  fome  members  of  our  Royal  Society  about  the  year  1662; 
and  of  the  pedometer ,  which  is  at  prefent  manufactured,  I 
think,  under  a  patent. 

T  am,  Sir, 

Your  obedient  fervant, 

London,  R.  HERON. 

October  8,  i8ot» 


VII .  Qbfcrvations  on  the  Spots  of  the  Sun ,  and  the  Nature  of 
the  Light  of  that  Luminary.  By  M.  Von  Hahn  *. 

OuR  experience  of  the  various  effects  produced  by  the 
fun’s  rays,  and  particularly  the  dodtrine  of  latent  heat  and 
fpecifie  heat,  feem  to  confirm  the  opinion  that  light  is  an 
adtual  body  which  dreams  forth  from  the  fun,  and  which  is 
connected,  in  a  variety  of  ways,  with  the  bodies  of  our 
earth.  The  determination  of  the  following  question,  which 
belongs  peculiarly  to  chemiftry,  £C  Whether  the  fun  be  actu¬ 
ally  a  burning  body,  or  only  attracts  the  illuminating  matter 
from  the  furrounding  expanfe  of  the  univerfe  V*  may  receive 
fome  illudration  from  continued  obfervations  made  on  the 
body  of  that  luminary. 

One  great  difficulty  here  is,  that  the  fun  has  a  peculiar 
light,  and  we  are  accu domed  only  to  confider  obiedts  which 

o  '  *  '  j  j 

almod  continually  receive  their  light  from  without,  and 
which  commonly  produce  fhadows  more  or  lefs  perceptible 
according  to  the  different  directions  and  drensth  of  the  light 
which  falls  upon  them.  Now  our  eyes,  being  accudomed 
to  fhadows  and  projedting  images,  by  beholding  an  uncom¬ 
mon  kind  of  illumination  are  thrown  into  embarraffment, 
and  cannot  bring  the  images  in  harmony  with  fenfation,  the 
bafis  of  all  perfpieuity. 

One  may  obferve  the  fun  a  long  time  without  difcovering 
any  other  fpots  than  thofe  which  are  common.  The  fird 
view,  therefore,  of  the  lo  called  folar  faculae  produces  an 
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agreeable  furprife,  as  it  exhibits  fomething  very  different 
from  what  we  fee  in  thofe  parts  of  furrounding  nature  which 
are  neared  to  us.  With  a  Herfchel’s  telefcope  of  feven  feet, 
one  beholds  with  aftonifhment,  and  very  diftindfcty,  in  thofe 
fpots  in  the  middle  of  the  fun’s  orb,  parts  befet  with  little 
hills  feparated  by  valleys,  and  (ingle  mountains,  of  a  propor¬ 
tional  height,  which  project  ftrong  fhadows.  It  is  worthy  of 
remark,  that  thefe  objects  have  as  diminifhed  an  appearance 
as  when  one  looks  at  things  from  a  great  height.  The  cauie 
of  this  is  to  be  fought  for  in  the  (iteration  of  the  light  which 
falls  on  them,  and  belongs  to  thofe  optical  deceptions  that 
muft  occur  fo  frequently  in  obferving  the  fun,  and  on  a  know¬ 
ledge  of  them  depends  the  whole  fecret  of  forming  a  proper 
judgment  refpedling  the  folar  bodies. 

The  finenefs  of  the  delineation,  the  fcenic  appearance, 
and  the  regularity  of  thefe  objects,  induce  one  to  believe  that 
folar  landfcapes  are  here  actually  reprefented  ;  and  totally  de- 
ftroy  the  idea  of  the  fun  being  a  flaming  body;  for  it  is  im- 
pohible  that  the  irregular  movement  of  flame  could  ever 
produce  fuch  feenes.  Thefe  parts  are,  at  times,  of  a  more 
whitifh  colour;  but  it  ought  to  be  particularly  remarked  that 
they  have  a  fomewbat  dimmer  light  than  the  reft  of  the  fun’s 
orbit,  which  is  every  where  luminous.  If  the  divifion  of  the 
lights  and  fhadows,  the  kind  of  illumination,  and  the  gra¬ 
dation  of  the  {hades,  be  accurately  obferved  and  examined, 
wefhall  be  obliged  to  admit  that  thefe  faculae  in  the  fun  are 
landfcapes. 

The  moft  important  obfervation  here  is,  that  when  there 
are  a  group  of  fuch  landfcapes  the  fhadows  are  almoft  always 
projected  to  one  fide,  and  are  {harp-pointed.  This  circum- 
ftance  ferves  to  render  clear  to  the  eye  a  confufed  mixture  of 
fpots. 

Let  one  fearch  out,  in  the  neighbourhood  of  fuch  groups, 
final],  Angle,  infulated  fpots,  and  obferve  whether  there  is 
feen  near  them  a  weak  gradation  of  fhade,  or  a  luminous 
vapour  which  is  very  familiar  to  us,  and  which  {hows  that  the 
light  illuminates  an  eminence  on  all  fides,  but  not  with  equal 
ftrength.  If  the  eye  is  once  accuftomed  to  the  effect  that 
hence  arifes,  it  can  with  great  eafe  convert  an  often  exceed¬ 
ingly  compound  mixture  of  dark  parts  and  luminous  fpots 
into  well  arranged  images. 

There  are  certainly  cafes  in  obferving  the  fun  when  draftf- 
men  and  painters  only  could  be  able  to  arrange  properly  the 
mixture  of  faint  fpots,  and  to  obviate  the  deception  which 
arifes  from  half  fhadows.  When  an  eminence,  for  example, 
is  fo  ftrongly  enlightened  by  the  luminous  matter  near  it, 
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that  one  fide  of  it  has  the  fame  hrffihtnefs  as  the  folar  light 
itfelf,  we  then  no  longer  fee  an  eminence,  but  only  a  faint 
fpot  produced  by  the  half  fliadow  on  the  other  fide.  But  If 
the  direction  of  tlte  ftrongefi  half  fhadows  towards  any  part 
of  the  fun’s  difk  be  once  known,  we  may  then  venture  to 
examine  the  greateft  colle&ion  of  luminous  faculee,  and  dm 
fiinguifh  them  with  the  beft  fuccefs.  They  then  lofe  their 
iirange  appearance;  and  the  eye  becomes  convinced  that  an. 
aliem  hi  age  of  eminences  and  plains  could  exhibit  fuch  an 
appearance  only  bv  a  light  proceeding  from  different  tides, 
though  with  various  degrees  of  ftrength.  Be  tides,  it  may 
fometimes  be  the  cafe  that  the  light  may  be  higher,  nearer, 
or  at  a  greater  difiance  in  one  diftridi  than.  another;  and 
therefore  it  is  difficult,  under  all  tbefe  circumfiances,  to  form 
a  right  judgment  of  an  object  in  the  fun. 

The  fun,  therefore,  rauft  be  inclofed  in  a  luminous  cover¬ 
ing,  or  furroimded  by  an  atmofphere  of  light — an  idea  firfi. 
fiarted  by  Mr.  Bode;  but  the  peculiar  quality  of  it  remains 
to  be  more  fully  inveftiguted.  A  globular  covering  of  boiling 
light  feems  to  be  too  moveable  to  produce  the  above  pheno¬ 
mena.  The  irregular  fpreading  of  the  furrounding  flame 
would  every  moment  change  the  feene;  as  a  mixture  of  lu¬ 
minous  matter  with  the  folar  atmofphere  would  ojve  it  an 
ohfcure  appearance,  and  be  contrary  to  the  fmoothnefs  of 
that  line  by  which  the  folar  difk  is  bounded. 

The  fun  may  be  confideved  as  an  opake  body,  of  itfelf,  and 
furroimded  by  an  atmofphere  ahnoft  fimilar  to  ours;  but  the 
luminous  matter  as  an  uncommonly  fine  fluid,  which,  like 
liquid  naphtha,  (loats  on  this  atmofphere,  and,  on  account  of 


its  great  lightnefs,  can  never  fink  down  under  auv  circum- 
fiances  whatever. 

The  atmofphere  of  the  fun,  bv  bis  rotation,  being  railed 
higher  under  the  equator,  will  be  depreffed  towards  the  polar 
regions.  The  luminous  matter  is  at t raffed  from  tire  celefiial 
expanfe;  and  this  hypothefis,  which  has  been  adopted  by 
many,  appears  to  be  the  true  one,  baeaufe  the  phenomena 
on  the  furface  of  the  fun  can  be  bed  explained  by  it.  It 
mud:  however  be  p  re  unfed,  that  no  moie  luminous  matter  is 
attracted  than  may  be  necetiary  to  form  t  lino  It  a  total  cover¬ 
ing  to  the  fun  ;  and  that,  on  account  of  the  continual  influx 
towards  the  poles,  it  mull  often  happen  that  the  quantity 
there  will  be  diminithed.  This  is  a  confequence  of  the  thing 
itfelf;  for,  if  it  be  admitted  that  the  reparation  of  the  lumi¬ 
nous  matter  is  performed  by  a  chemical  affinity,  the  e  fie  fit  of 
which  is  facilitated  by  the  fun’s  rotation,  the  attraction  will 
$eafe  when  the  folgr  atmofphere  has  imbibed  a  fufficient 

quantity. 
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quantity.  By  obferving  the  fun,  we  perceive  not  only  the 
luminous  matter,  but  the  light  reflected,  in  a  lively  manner, 
from  the  fun’s  body ;  and  at  fuch  a  diftance  they  cannot 
be  diftinguifhed  from  each  other.  Through  a  deception  of 
our  fenfes,  we  often  take  the  effect  for  the  caufe,  and  feek 
for. the  objeCt  in  the  light,  and  then  again  for  the  light  in 
the  object. 

But  as  the  atmofphere,  greatly  expanded  at  the  equator, 
Hiuft  fink  down  fomewhere  from  well  known  caufes,  the  lu¬ 
minous  matter  flies  off  on  all  tides  towards  the  lower  parts, 
and  illuminates  the  parts  it  left,  no  longer  from  above,  but 
laterally.  Here  we  difcover  the  folar  facul^e;  and  if  in  thofe 
parts  there  be  inequalities,  there  arife  then  half  fhadows, 
which  are  almoft  loft  in  the  tint  of  the  ground.  If  the  ob- 
ferver  fails  in  his  judgment  of  the  angle  of  inflection,  he  fees 
only  a  mixture  of  faint  fpots,  and  no  landfcapes. 

It  will  now  be  eafier  to  explain  the  proper  fpots  in  the  fun, 
as  they  are  called.  They  are  parts  of  the  fun  lying  under 
full  fhadows,  which  muft  naturally  arife  when  the  illumi¬ 
nating  fluid  draws  itfelf  fo  far  back  from  the  horizon  of  that 
neighbourhood,  that  no  more  rays  can  reach  its  centre.  The 
’feontraft  with  the  reft  of  the  dazzling;  difk  of  the  fun  in- 
creafes  their  blackneis,  and  gives  them  the  appearance  of  a 
burnt,  coal,  or  cinder.  We  lhall  be  readily  convinced  that 
fome  parts  of  the  fun’s  furface  may  he  in  a  full  fliadow,  when 
we  refleCt  on  the  great  fize  of  thefe  fpots,  and  confider  the 
height  of  the  luminous  fluid  to  be  fmall,  or  equal  to  about 
the  diftance  of  our  hischeft  clouds  from  the  earth.  It  cannot 
be  higher,  ehe  no  perceptible  half  fhadows  would  be  occa- 
iioned,  hecaufe  the  fhadows  of  bodies  become  fmaller  in  pro¬ 
portion  to  the  height  of  the  illuminating  point.  The  irregu¬ 
larity  of  the  fpots  arifes  partly  from  the  different  fituations  of 
the  luminous  matter,  and  partly  alfo  from  the  inequality  of 
the  bottom.  That  remarkable  vapour  by  which  they  are 
furrounded  is  occafloned  by  a  kind  of  crepufculum,  by  which 
the  fide  light  is  conveyed  to  the  moft  diftant  part  from  the 
centre  of  the  fhadow.  As  the  luminous  matter  now  appears 
to  be  more  fparingly  divided  in  the  folar  atmofphere,  a  place 
may  be  totally  deprived  of  light  by  its  retiring:  but  near 
the  boundary  of  the  light  it  is  directed  towards  the  bottom, 
though  fomewhat  weakened  by  the  refraCtion  and  reflection 
of  the  rays,  as  is  the  cale  in  our  morning  and  evening  cre- 
pufcula;  and  the  lpots  by  thefe  means  obtain  their  conical 
form.  If  we  confider  this  vapour  more  attentively,  the  be¬ 
fore  -mentioned  landfcapes  can  he  clearly  diftinguifhed  ac¬ 
cording  to  the  above  method  ;  and  if  the  full  fhadows  have 
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confiderable  inequalities,  there  arife  forms  of  ell  kinds  which 
exhibit  no  determined  figure,  until  we  become  no  more  ac¬ 
quainted  with  the  fituation  of  the  fhadows.  On  thefummitsof 
fuch  eminences  mav  be  clearly  feen  rows  of  luminous  points, 
which,  however,  arife  from  a  reflected  light;. -but,  on  account 
of  their  livelinefs,  are  taken  for  the  luminous  matter  itielf. 
'They  feern  to  be,  as  it  were,  Separated  portions  of  the  folar 
atmofphere,  which  float  about  within  the  conical  cavities. 
But  on  clofer  examination  this  deception  vani flies. 

Laftly,  fhould  we  fuppofe  an  atmofphere  filled  with  clouds, 
enlightened  from  above  by  the  luminous  matter,  the  great 
blacknefs  of  the  fpots,  and  the  matter  which  furrounds  them, 
would  oppofe  fuch  an  idea.  Such  a  continual  phenomenon 
is  founded  on  invariable  caufes,  and  cannot  be  reconciled 
with  the  changeable  nature,  of  clouds.  A  real  folar  land- 
fcape  may  be  recognized  to  he  the  fame  before  feen,veven  after 
fome  time,  when  the  diredfcion  of  the  light  which  falls  upon 
it  has  changed. 

It  is  more  than  conjecture  that  the  fun  feparates  the  lu¬ 
minous  matter  from  the  firmament,  and  partly  appropriates 
it  to  itfelf  and  partly  tranfmits  it  to  other  bodies,  which,  on 
account  of  their  lefs  magnitude,  are  unable  to  effect  the  fame. 
As  fo  many  ftars  fhine  with  their  own  light,  it  is  probable 
that  they  all  derive  it  from  the  fame  fource ;  and  that  the 
immenfe  fpace  of  the  firmament  contains  this  all- enlivening 
matter,  which  nature  has  dealt  out  with  a  fparing  hand,  and 
feems  to  have  deftined  for  the  mo  ft  important  purpofes. 

The  phenomenon  of  the  zodiacal  light  may  be  very  natu¬ 
rally  explained  according  to  thefe  ideas.  The  feparation  of 
the  light  takes  place  more  at  the  fun ;  it  floats  on  its  atmo¬ 
fphere  in  exceedingly  fmall  quantity ;  and,  as  it  dreams  out 
immediately  in  all  directions,  the  terreftrial  bodies  are  fe- 
cured  from  immoderate  heat  by  this  tendency  to  diverge. 
The  attraction  of  the  luminous  matter  from  the  firmament 
muft  extend  to  a  confiderable  diftance ;  for  that  fet  free  at 
the  fun  is  fupplied  by  another  quantity,  which  feeks  for  an 
equilibrium,  and  therefore  forces  itielf  towards  the  folar  equa¬ 
tor.  It  accumulates  therefore  in  thofe  parts;  and,  as  it  is 
half  feparated,  on  account  ot  the  attraction  ot  the  fun  acting 
at  that  cli fiance,  this  mean  ftate  produces  the  palenefs  of  the 
zodiacal  light.  This  conjecture  feems  to  he  confirmed  by  a 
remark  of  Caffini.  At  a  time  when  the  folar  fpots  were  111- 
vifible,  no  zodiacal  light  was  to  be  feen.  I  he  abfence  of  the 
fpots  fhows  a  fuperabundance  of  the  luminous  matter  on  the 
fun;  confequently  none  is  feparated,  and  thefe  phenomena 
mu.fi  ceafe.  Were  their  feat  in  the  folar  atmofphere,  they 
a  muft 
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fhow  themfelves  more  ftrongly  the  more  widely  the  light  is 
difperfed  over  the  body  of  the  fan. 

Po  fieri  tv,  perhaps,  will  be  able  to  deduce  the  caufe  of  the 
northern  lights  and  other  phenomena  from  thefe  fuggeftions 
refpedling  the  production  of  the  luminous  matter,  and  to 
anfwer  the  important  queftion — By  what  circulation  is 
that  noble  matter,  which  diffufes  litrht  and  heat  throughout 
all  nature,  again  conveyed  back  to  infinite  fpace;  or  whether 
dettined  and  employed  for  the  formation  and  maintenance 
of  organic  bodies 
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VIII.  Experiments  on  Vlatina.  By  L.  Proust  *. 

I.  Of  the  foreign  Bodies  mixed  with  native  or  crude  Vlatina. 

np 

JL  HE  bodies  generally  mixed  with  platina  are  flonv  and 
metallic  land,  pyrites,  gold,  and  mercury.  The  firft  kind 
of  land  confifts  of  fmall  rock  cryftals  and  fragments  of  a  hya¬ 
cinth  colour;  the  fecond  conlifls  of  ferruginous  fand  of  two 
forts  :  the  one  odtaedral,  and  fufceptible  of  being  attracted 
bv  the  magnet,  among  which  there  are  fome  that  do  not 
pofiefs  that  property  till  after  being  heated  :  the  other  fort  is 
equally  black  and  angular;  but  the  angles  are  deftroyed  in  fuch 
a  manner,  that  it  is  not  poffible  to  determine  their  figure, 
which  feems  to  announce  that  they  are  not  fo  hard  as  the 
preceding.  The  latter  are  not  fufceptible  of  being  attracted 
by  the  magnet,  even  after  they  are  heated,  and  when  analyfcd 
they  exhibit  new  fubftances  combined  with  iron  ;  pheno¬ 
mena  by  which  we  are  authorized  to  confider  them  in  their 
union  as  a  mineralization  of  a  peculiar  kind,  as  will  be  feen 
hereafter. 

II.  On  the  Method  of  feparating  the  Sand  from  the  native 

or  crude  Vlatina. 

Place  three  or  four  pounds  of  crude  platina  on  a  large 
table  the  edges  of  which  are  fomewhat  raifed,  and  at  the 
diftance  of  a  foot  from  one  of  the  Tides;  then  fpread  it  out, 
bv  means  of  a  card  or  a  rule,  in  fuch  a  manner  as  to  occupy 
the  fpace  of  about  two  feet,  and  blow  upon  it  obliquely  with 
a  pair  of  hand  bellows,  to  make  the  fand,  which  is  always 
lio-hter  than  the  gold  or  platina,  pafs  to  the  oppofite  fide. 
IE  this  operation  be  repeated  five  or  fix  times,  taking  care  to 

*  From  Annates  de  B if  or i a  Natural,  Madrid  1799,  No.  r. 
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blow  in  different  direHions,  the  platina  may  be  rendered  fo 
pure  that,  when  examined  with  a  magnifying  girds,  a  grain 
of  fand  will  not  be  found  in  a  pound  oi  it. 

III.  Of  the  Gold.  ; 

All  the  gold  contained  in  crude  platina  is  feldom  difco- 
vered,  even  with  the  help  of  a  magnifying  glafs;  and  as 
mercury  is  the  means  employed  to  feparate  them,  it  is  evL 
dent  that,  if  a  few  grains  of  gold  remain,  they  mult  retain 
their  portion  of  the  mercury.  Hence  the  gold  acquires  a 
white  hue,  which  affimilates  it  to  the  colour  or  the  platina, 
and  prevents  it  from  being  perceived. 

I  do  not  know  whether  the  workmen  at  the  platina  mines 
are  acquainted  with  any  certain  method  of  afcertaining  whe¬ 
ther  the  reparation  be  complete.  A  very  fimple  proceis  is,  to 
heat  the  platina  in  an  iron  fpoon  or  crucible.  The  mercury 
becomes  volatilized,  the  gold  relumes  its  colour,  and  the 
platina  acquires  that  of  calcined  iron.  Idle  gold  then,  on 
account  of  its  colour,  may  be  very  eaiily  diltinguifhed  from 
the  platina. 

In  this  manner  I  feparated  7  ounces  of  gold  grains,  or 
feales,  from  100  ounces  of  fome  kinds  of  crude  platina,  and 
23  from  others.  The  mean  product  is  10  per  cent.,  as  I 
announced  at  the  time  to  government. 

Thefe  feales  are  of  different  colours  :  fome  have  the  yel¬ 
low  colput*  of  gold,  others  are  of  a  pale  or  a  green  yellow. 
The  lafl,  tried  with  the  blowpipe  and  borax,  fine  themfelves, 
tingeing  the  borax  green,  as  iron  would  do;  which  {hows  that 
jt  is  a  green  native  gold,  like  that  of  the  jewellers. 

The  nitric  acid  alfo,  digefted  cold  over  thefe  kinds  of  crude 
platina,  feparates  the  mercury  from  the  gold,  but  not  fo  com¬ 
pletely  as  heat. 

Crude  platina  of  a  black  colour,  finer  than  the  white,  is 
very  commonly  brought  from  America.  It  (iains  the  fingers, 
probably  on  account  of  the  fuperabundance  of  graphite  or 
plombago  which  it  contains.  I  never  found  gold  in  this  kind, 
and  I  have  not  been  able  to  obtain  any  information  rcfpect- 
ing  its  origin. 

O  Q 

IV.  Of  Sulphur  as  the  Mineralizer  of  Platina. 

When  crude  platina  is  expofed  to  the  heat  of  the  blow¬ 
pipe  on  charcoal,  a  ftrong  frnell  of  fulphur  is  exhaled,  ac¬ 
companied  with  fumes  which  do  not  whiten  gold,  and  which 
are  not  produced  but  by  a  degree  of  heat  fuperior  to  that 
which  volatilizes  mercury.  Black  platina  grains  give  more 
fumes  than  the  white. 

Large 

w 


3. 


jfi  Experiments  on  Platina. 

Large  grains  of  platina  picked  and  heated,  emit  alfo  an 
odour  of  fulphur  accompanied  with  fumes.  A  perfon  em¬ 
ployed  by  government  to  collect  platina  informed  me,  that 
the  larged  grains  he  ever  faw  never  exceeded  the  fize  of  a 
pea;  and  that  he  had  given  feveral  of  that  fize  to  the  arch- 
bifhop  of  Santa-Fe.  In  regard  to  the  enormous  grain  faid 
to  be  depofited  in  the  cabinet  of  Vergara,  the  director  of  the 
Bifcayan  fociety  allured  me  that  he  had  no  knowledge  of  it. 

Wh  en  crude  platina  is  brought  to  a  red  heat  in  a  covered 
crucible,  no  odour  of  fulphur  is  perceived  with  the  vapour  of 
the  charcoal,  but  at  the  moment  when  the  crucible  is  unco¬ 
vered  this  odour  manifefts  itfelf  very  powerfully  ;  but  if  the 
crucible  be  (hut  clofe  it  ceafes.  It  was  long  before  I  was 
able  to  difcover  the  nature  of  this  vapour;  but  the  experi¬ 
ments,  which  will  be  deferibed  hereafter,  proved  to  me  that 
it  is  nothing  elfe  than  concentrated  fulphuric  acid. 

From  1600  grains  of  white  crude  platina  well  purified, 
and  heated  in  a  retort,  I  obtained  only  half  a  grain  of  mer¬ 
cury  and  a  grain  and  a  half  of  water,  without  any  kind  of 
gas.  Having  broken  the  retort  before  it  was  quite  cold,  it 
exhaled  a  fulphurous  odour.  The  platina  became  black, 
and  was  found  (lightly  cemented,  and  adhering  to  the  glafs. 

A  mixture  of  400  grains  of  the  fame  crude  platina  and  an 
equal  quantity  of  fweet  muriate  of  mercury,  heated  in  a  re¬ 
tort,  gave,  after  the  fublimation  of  the  mercury,  a  very  light 
(Ira turn  of  cinnabar,  which  adhered  to  the  top  of  the  retort, 
and,  when  feraped  a  little,  a  (Turned  a  vermilion  colour. 

Crude  platina,  heated  in  a  crucible  and  immediately  poured 
into  a  iilver  difli,  blackens  the  vefiel  in  the  fame  manner  as 
fulphur.  In  a  word,  all  folutions  of  platina  form  an  abun¬ 
dant  precipitate  with  barytes. 

As  fulphurets  of  platina,  both  native  and  artificial,  do  not 
fuffer  their  fulphur  to  efcape  when  heated  in  covered  vefiel s, 
there  is  reafon  to  believe  that  this  metal  cannot  be  entirely 
freed  from  it  by  an  open  fire  ;  for  the  fulphuret,  which  occu¬ 
pies  the  centre  of  each  grain,  may  then  be  confidered  as  (hut 
up  in  a  vefiel. 

Here,  then,  we  have  fulphur  as  a  confiituent  part  of  crude 
platina.  It  may  here  he  afked,  with  what  combuftible  this 
fulphur  is  united.  If  it  be  recollected  that  iron,  and  even 
copper,  exifis  alfo  in  this  ore,  it  will  not  be  fuppofed  that  it 
is  combined  with  the  platina;  and  yet  it  is  with  this  metal 
that  the  fulphur  is  united,  as  will  be  feen  hereafter.  In  the 
mean  time  it  may  be  deduced,  from  the  preceding  experi¬ 
ments,  that  what  is  at  prefent  called,  and  what  ought  to  be 
continued  to  be  called,  cru.de  platina ,  is  evidently  nothing 

elfe 
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m  the  mineralization  or  fulphuret  of  that  metal  which 
been  thought  proper,  in  the  modem  nomenclature  of 
illic  fubftances,  to  call  platina. 

V.  On  the  Oxidation  of  crude  Platina. 

When  native  platina  is  brought  to  a  red  heat  in  open  vef- 
fels,  it  affumes  the  appearance  of  the  oxidated  Aon  of  a  gun 
barrel ;  but  with  this  difference,  that  the  oxidation  effected 
at  the  furface  is  found  at  its  maximum ;  for  by  rubbing  it  on 
paper,  or  triturating  it  with  water  in  a  porcelain  mortar,  a 
red  powder  is  detached  from  it.  Another  proof  of  this  is  ob¬ 
tained  by  digesting  over  it  muriatic  acid,  which  entirely  dif- 
folves  this  powder,  and  with  alkalies  gives  a  precipitate  of 
oxidated  iron  of  48  per  cent.  The  platina  which  remains 
has  recovered  its  whitenefs. 

I  (hall  here  give  an  account  of  an  experiment  made  a  good 
many  years  ago  by  C.  Darcet,  and  at  which  I  was  prefent. 
That  chemift  put  into  a  crucible,  placed  in  the  porcelain  fur¬ 
nace  of  Serres,  fome  ounces  of  crude  platina:  when  taken  from 
the  furnace  the  platina  was  triturated  with  water,  and  fepa- 
rated  by  thefe  means  from  all  the  powder  it  contained.  After 
this  firft  fubftance  was  removed  from  it,  it  was  put  again  into 
the  furnace,  and  purified  a  fecond  time  in  the  fame  manner; 
and  this  operation,  being  repeated,  gave  a  new  quantity  of 
powder.  After  paffing  through  the  furnace  in  this  manner, 
as  far  as  I  can  remember,  feven  or  eight  times,  the  platina 
was  totally  changed  into  an  oxide  of  a  very  dark  brown  co¬ 
lour. .  I  was  prevented,  by  particular  circumftances,  from 
learning  of  Darcet  what  was  the  refult  of  his  laft  experiments. 

An  account  of  experiments  made  on  platina  in  the  porce¬ 
lain  furnace  of  Furftemburg  may  be  feen  in  the  Journal  de 
Phyjique ;  but  as  the  author  did  not  take  care  to  remove  the 
oxide  as  it  was  formed,  he  concluded,  as  Macquer,  Baume, 
and  other  chemifts  had  done,  that  platina  was  indeftructible. 
But  let  us  return  to  the  oxidation  in  queftion. 

The  muriatic  acid,  of  which  we  have  fpoken,  had  taken 
from  the  calcined  platina  three  oxides,  viz.  that  of  iron,  that 
of  copper,  and  that  of  platina.  This  folution,  united  with  the 
folution  of  muriate  of  ammonia,  gave  the  yellow  precipitate 
which  is  peculiar  to  platina. 

Potafli  being  employed  to  complete  the  precipitation  from 
the  liquor,  the  refult  was  a  fecond  precipitate  of  red  oxide  of 
iron,  mixed  with  a  little  copper,  which  immediately  mani- 
fefted  itfclf  by  muriate  of  ammonia. 

If  in  this  folution  there  had  been  found  only  a  little  oxide, 
which  the  muriatic  acid  might  have  fur-oxygenated,  the  fo¬ 
lution 
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lotion  of  platina  would  have  exhibited  nothing  afton  o.1  ,  . 
But  as  its  deoxidation  could  not  be  afcribed  to  loch  a 
caufe,  it  mu  ft.  be  inferred,  that  when  plaiina  is  combo- 
with  other  metals,  it  becomes  oxidated  niucn  eafiei  than 
hitherto  been  iuppofed.  Platina,  then,  has  this  property , 
like  all  other  metals,  in  which  the  ftate  of  combination  a 

ways  favours  oxidation.  _  . 

The  following  is  the  detail  of  an  experiment  mace  with 
great  cave.  Eight  hundred  grains  of  crude  white  platina, 
well  purified  from  gold,  land,  and  mercury,  after  having  been 
calcined  for  the  fpace  of  an  hour,  had  loft  only  one  gram., 
Having  afterwards  ex  poled  them  to  the  adfion  of  muriatic 
acid,  they  loft  in  the  acid  four  grains  and  a  half,  and  returned 
their  whitenefs;  by  which  it  is  fee n  that  the  oxygen  of  the 
atmofphere  had  almoft  replaced  the  weight  of  the  fulphur 
diffipated. 

The  794I  grains,  being  calcined  a  ft  con  cl  time,  became 
black,  and  their  -weight  was  increaled  two  grains,  but  the 
fmell  of  inlphur  was  no  longer  dutinguiined  ;  a  cu cumftaoce 
which  renders  the  combination  of  oxygen  more  linking. 
Having  been  again  ex  poled  to  the  muriatic  acui,  they  loft 
of  their  weight:  they  were  found  to  be  black,  and  vifibiy. 

corroded.  _  p  .  . 

The  788  grains-  which  remained  were  boiled  a  third  tune 

in  the  fame  acid,  and  the  refult  was  a  new  lofs ;  but  that 
which  they  experienced  in  frefh  acid,  after  a  fourth  ebulli¬ 
tion,  was  flow,  and  far  inferior  in  the  two  la  ft  mentioned 
boilings  :  it  did  not  exceed  four  grains  and  a  half. 

The  weakened  afttion  of  the' acid  made  me  believe  that  I 
oiicht  to  continue  the  oxidation  in  order  to  penetrate  further 
into  the  interior  of  the  platina,  which  induced  me  to  proceed 
to  a  fourth  calcination  ;  but  it  was  uictels,  for  the  grains  ex¬ 
perienced  no  change  either  m  their  weight  or  their  colour  . 
the  application,  therefore,  of  the  muriatic  acid  was  to  no  pur- 
pofe.  The  exterior  of  the  grains  had  then  the  appearance  of 
pure  platina,  having  a  very  iirong  refemblance  to  filver  of  a 
low  alloy. 

4  The  total  lofs  fuftained  by  tbefe  8:0  grains  was  ill  grains, 
or  a  little  more  than  two  hundredths.  A  grain  of  gold,  not 
perceived  in  purifying  the  crude  platina,  was  found  towards 
the  end  of  the  operations  ;  and  this  grain  proved  to  me  that 
the  muriatic  acid  alone  produced  the  effects  I  have  dcicribcd, 
and  that  nitric  acid  had  no  fbare  in  them. 

The  metallic  folutions  of  which  we  have  fpoken  contained 
each  platina,  iron,  and  copper  :  they  became  turbid  with  the 
muriate  of  ammopia ;  from  which  we  may  infer,  that  if  the 
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platina  bedilfolved  in  the  muriatic  acid,  that  it  friay  be  pre¬ 
cipitated  by  that  fait. 

Let  us  now  return  to  the  crude  platina.  When  treated 
with  dulcified  muriate  of  mercury,  it  is  found  at  the  bottom 
of  the  retort  with  all  the  figns  of  corrofion.  The  water  im¬ 
mediately  takes  from  it  a  light  efflorefcence  of  a  yellowifh 
white  colour;  and  potafh,  poured  into  the  liquor,  feparates 
from  it  a  red  oxide  of  iron  and  of  copper.  In  regard  to  pla¬ 
tina,  none  is  found  in  it  ;  from  which  we  may  conclude  that 
the  iron  and  copper  only  had  received  from  the  muriate  of 
mercury  a  fufficient  quantity"  of  oxygen  to  effect  their  folu-* 
tion.  The  lofs  of  the  ore  was  12  per  cent.  We  are  there¬ 
fore  obliged  to  acknowledge  three  metals  in  platina  ore.  We 
fhall  fliow  hereafter,  that  befides  fulphur  it  contains  alfo  two 

other  cotribuftibles 

« 

VT.  Experiments  with  the  Nitric  Acid  on  Platina. 

Nitric  acid  of  35  degrees,  in  which  crude  platina,  purified 
from  fand,  iron,  and  copper,  was  boiled,  did  not  even  alter 
the  polifh  of  the  grains :  it  only  feparated  the  mercury  from 
the  gold.  The  fame  acid  had  as  little  adlion  on  the  platina 
grains  blackened  by  calcination,  and  fubjedled  to  the  fame 
ebullition  :  they  retained  their  cruft,  and  the  ftate  of  the  acid 
was  in  no  manner  changed.  Margraf  and  Lewis,  however, 
aflert  that  nitric  acid  has  fame  kind  of  an  adlion  on  them. 
But  their  acid  either  contained  muriatic  acid,  or  the  grains 
on  which  they  operated  were  liiore  ferruginous.  This  is  very 
poffible;  for  there  are  fome  kinds  of  crude  platina  which  have 
a  great  many  incrufted  grains,  and  others  cavernous,  which 
contain  red  oxide.  The  black  coloured  crude  platina  in  my 
poffeftion,  and  which  belonged  to  Don  Pedro  d’Avila,  is  in 
that  ftate.  I  can  now  entertain  no  doubt  that  black  kinds 
of  platina  are  fometimes  brought  to  us.  That  lent  a  few 
years  ago  to  the  king’s  cabinet,  of  which  I  have  a  fpecimen 
given  me  by  our  tranftator  of  Bufifon,  is  of  this  kind.  It 
may  be  whitened  by  means  of  the  muriatic  acid,  but  not 

*  The  author  of  the  Mineralogy  of  Spain,  Don  Chriftian  Herrgen, 
expredes  himfelf  thus  in  the  feventh  number  of  the  Annates  de  Giencias 
Saturates  :  “  After  having  read  the  memoir  pubhfhed  bv  L  Proud  in 
the  firft  volume  of  this  collection,  one  is  obliged  to  acknowledge  that  platina 
is  never  found  pure  in  a  native  date;  it  always  exhibits  a  real  mineral¬ 
ization,  as  this  memoir  proves.  It  is  much  to  be  regretted  that  we  havp 
not  yet  the  lead:  geognodic  notice  reipedting  this  valuable  fubdance.  Don 
Herrgen  indicates  at  the  fame  time  the  places  where  platina  is  found, 
which  are,  Choco,  Popayan,  Quito,  Rio  del  Pinto  in  the  province  of  Peru, 
Cart  hag  ev  a ,  and  Barbuda  in  New  Grenada. 

Vol.-XI.  2  D  fufficiently 
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Sufficiently  to  acquire  the  brilliancy  of  the  white  kind  ufed 
in  commerce. 

VII.  Of  the  Effetls  of  the  Nilro~muriatic  Acid  on  Platina . 

I  compofed  this  acid  with  the  nitric  and  muriatic  acids. 

1  ffiall  mention  hereafter  the  proportions  heft  calculated  to 
effect  this  foliation. 

Four  hundred  grains  of  crude  platina  well  picked,  which 
had  been  tranfmitted  to  me  by  Don  Cafimir  Ortega,  being 
treated  in  this  acid  until  it  had  loft  all  its  a&ion,  there  re¬ 
mained  a  black  matter,  which,  when  walked,  and  collected 
together  in  a  china  cup,  was  found  to  weigh  io^-  grains,  or 

2  pounds  io  ounces  per  cent. 

The  fame  quantity  (400  grains)  of  crude  white  platina, 
which  I  received  from  Don  Domingo  Fernandez,  left  fix 
grains  of  a  black  rdiduum,  or  one  and  a  half  per  cent. 

An  equal  quantity  of  the  fame  kind,  of  which  the  largeft 
particles  were  feleded,  left  14  grains,  or  3^  per  cent.,  of  a 
black  refiduum.  Thefe  three  experiments  give  a  mean  pro* 
du£t  of  about  2~  per  cent. 

VIII.  Of  the  crude  Black  Platina • 

Four  hundred  grains  of  the  platina  of  Don  Pedro  d’Avila 
left  a  refiduum  of  7  grains,  or  1  pound  12  ounces  per  cent. 

Four  hundred  grains  of  the  fame  left  a  black  refiduum  of 
9  grains,  or  2  pounds  and  a  quarter  per  cent. 

An  equal  quantity  of  the  largeft  particles  of  the  fame  left, 
a  refiduum  of  3  per  cent.  Thus  the  mean  product  of  the  black 
kind  was  2  pounds  12  ounces  per  cent. 

It  is  here  feen  that  there  is  a  very  remarkable  variation  in 
the  quantity  of  thefe  refiduums  :  it  arifes,  firft,  from  the  very 
variable  action  of  the  folvent,  which  more  or  lefs  deftroys 
the  fubftance  of  the  refiduum ;  and,  in  the  fecond  place, 
from  there  being  fometimes  found  in  thefe  refiduums  parti¬ 
cles  of  that  metallic  fand  of  which  we  have  fpoken,  and 
which  are  generally  pretty  large,  and  imbedded,  as  it  were, 
in  the  heart  of  the  platina.  This  fa<Sl  has  been  obferved  alfo 
by  Guyton. 

IX.  Of  the  Graphite  of  Platina . 

The  refiduums  of  which  we  have  fpoken  are  nothino;  elfe 
than  graphite  or  plumbago:  it  burns  flowly  by  the  blow¬ 
pipe,  inflames  nitre,  and  deprives  the  arfenic  acid  of  its  oxy¬ 
gen;  it  leaves  finning  or  glofly  traces  on  paper;  w hen  ex- 
poled  to  heat,  it  lofes  neither  its  foftneis  to  the  touch,  nor  its 
■' v  •  property 
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property  of  Gaining :  in  a  word,  it  has  as  much  luftre  as  the 
beft  Englilh  pencils  *. 

That  the  allay  by  this  method  may  be  exadl,  the  graphite, 
when  heated  by  the  blowpipe,  ought  to  exhale  no  fulphurous 
odour;  for,  if  this  odour  is  perceived,  it  indicates  that  it  ftill 
contains  metal  not  diffolved.  I  mutt  however  ohferve,  that 
during  the  folution  the  platina  appears  to  be  reduced  to  a 
black  powder;  or,  rather,  a  powder  is  detached  which  refem- 
bles  galena  coarfely  pulverized. 

This  powder,  which  is  as  heavy  as  platina,  accumulates 
at  the  bottom  of  the  retort :  after  the  folution  of  the  grains 
of  the  metal,  it  ftill  retains  for  a  long  time  the  fame 
appearance;  and  it  is  only  by  renewing  the  nitro-mu- 
riatic  acid  that  it  difappears  entirely,  le  wing  nothing  in  its 
place  but  graphite.  The  nature  of  this  powder  will  be  feen 
hereafter. 

X.  Obfervalions  on  Solutions  of  Platina . 

To  free  thefe  folutions  from  the  nitric  acid  employed  in 
excefs  to  oxygenate  the  muriatic  acid,  they  muft  be  con¬ 
centrated  till  they  acquire  the  confidence  of  honey.  The 
fuperabundant  muriatic  acid,  becoming  oxygenated  in  its 
turn  at  the  expenfe  of  the  remaining  nitric  acid,  acquires 
the  quality  of  oxygenated  muriatic  gas  combined  with  nitrous 

gas. 

The  faline  mafs  which  remains  is  of  a  dark  brown  colour : 
it  difiolves  in  warm  water  if  the  deficeation  has  not  been  too 
ftrong;  for  in  that  cafe  the  part  which  refills  folution  is  a 
brown  muriate  containing  lefs  acid,  in  which  platina,  iron 
and  copper  are  re-found,  and  from  which  the  muriatic  acid 
cannot  be  feparated  even  by  feveral  walkings.  In  regard  to 
the  liquid  folution,  it  is  merely  a  muriate ;  for,  when  decom- 
pofed  by  means  of  potalh,  nothing  is  produced  but  muriate 
of  potalh  and  a  little  fulphate.  it  has  an  aftringent  tafte, 
but  without  any  of  thofe  metallic  favours  which  are  fo  dis¬ 
agreeable  in  all  folutions  of  filver,  copper,  &c. 

If  the  folution  in  this  ftate  be  treated  with  potalh,  the 
faline  precipitates  common  to  all  folutions  of  platina  will 
be  obtained,  but  not  an  atom  of  nitrate  will  be  obtained  by 
evaporation;  from  which  it  may  be  inferred,  that  the  nitric 
acid  of  folutions  not  concentrated  has  no  part  in  precipita¬ 
tions  of  this  kind.  It  will  be  feen,  in  the  courfe  of  this  paper, 
that  the  flighted:  veftige  of  this  acid  is  not  found  in  the  pre- 

*  On  fufing  crude  platina  with  oxygen  gas,  a  black  fhining  fcale  forms 
on  the  outfidc  of  the  globule,  which  may  be  feparated  by  the  hammer. 
This  is  frequently  found  to  foil  the -fingers.— Edit. 

,  D  %  cipitates 
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cipitates  of  the  mod  nitric  foliations.  In.  a  word,  the  refult 
of  foliations  of  platina  in  nitro-muriatic  acid  is,  as  in  that  of 
gold,  a  pure  and  fimple  muriate  of  platina.  To  what  has 
been  fa  id  I  {ball  add,  that  the  difference  between  one  kind 
of  crude  platina  and  another  maybe  known  by  that  obferved 
in  the  colour  of  their  foliations.  Black  platina  grains,  for 
example,  diffolved  in  the  fame  quantity  of  acid  as  the  white, 
give  a  colour  much  redder. 

v  XI.  Solution  of  crude  Platina  on  a  large  Scale. 

The  phaenomena  obferved  in  the  folution  of  this  mineral, 
when  large  quantities  are  employed,  do  not  differ  from 
thofe  effected  by  fmall  quantities.  In  the  firft  of  thefe  opera¬ 
tions,  however,  there  are  forne  effedts  more  ftriking,  which 
I  fliall  here  point  out. 

When  the  nitro-muriatic  acid,  aided  by  a  moderate  heat, 
begins  to  attack  platina,  the  firff  bubbles  of  gas  become  co¬ 
vered  with  a  yellow  powder,  which  retains  them  at  the  fur- 
face  of  the  liquor.  Thefe  globules  float  in  every  diredtion, 
and  at  length  adhere  to  the  fides  of  the  retort,  or  vanifh,  to 
give  place  to  others.  Thefe  phaenomena  being  common  to 
many  fulphurous  metals,  we  are  authorized  to  believe  that 
this  arifcs  from  the  fulphur  which  envelops  thefe  bubbles  of 
gas.  This  powder,  when  thus  depofited  on  the  lides  of  the 
retort,  is  loon  di  Hi  pa  ted ;  becaufe,  being  very  minute,  and 
in  fmall  quantity,  it  is  fpeedily  fubjedted  to  the  adtion  of 
agents  which  tend  to  convert  it  into  fulphuric  acid. 

But  to  return  to  the  black  powder:  in  proportion  as  the  fo¬ 
lution  advances,  this  powder  is  feen  forming  itfelf,  increafing, 
and  affuming,  with  the  remainder  of  the  platina,  a  leaden  co¬ 
lour,  fimilar,  as  already  faid,  to  that  of  pulverized  galena. 
It  is  then  proper  to  lay  afide  this  refiduum,  on  which  the 
folvent  has  only  a  very  weak  adtion,  which  cannot  be  con¬ 
tinued  but  by  repeated  ebullition,  and  adding  a  large  quan¬ 
tity  of  new  acids.  This  folution^  when  poured  on  a  new 
quantity  of  mineral,  adls  with  a  great  deal  of  force  3  which 
proves  that  this  refiduum,  though  it  ftill  holds  abundance  of 
metal,  refills  the  adlion  of  the  folvent  much  more  than  frefh 
Grains. 

O 

This  powder  has  been  remarked,  but  not  examined,  by 
thofe  who  have  operated  on  platina.  To  obtain  it  feparately, 
the  refiduum  mult  be  wafhed  in  a  great  deal  of  water;  it 
muff  be  agitated  a  great  deal,  and  decanted  very  fpeedily, 
becaufe  its  gravity  is  very  little  different  from  the  mineral 
which  remains  to  be  diffolved.  "What  has  not  been  carried 
off  by  decantation,  when  moiflened,  and  rubbed  between  the 

fingers. 
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lingers,  breaks,  and  full  gives  a  pretty  large  quantity  of  black 
powder.  It  is  therefore  neceflary  to  again  take  from  the  bottom 
of  the  water  the  mineral  found  there;  to  rub  it  ftronsjy  be- 
tween  the  hands;  to  feparate  the  powder  from  it;  and  to 
unite  it  to  the  former.  It  is  evident,  from  what  has  been 
here  laid,  that  the  fri£tion  and  knocks  experienced  by  the 
mineral,  agitated  by  ebullition,  and  corroded  by  the  acids, 
elfedl  the  feparation  of  the  black  powder. 

If  thele  grains,  in  head  of  being  pounded,  are  left  whole, 
and  if  they  are  examined  with  a  magnifying  glafs,  it  is  feen 
that  they  have  retained  their  form,  that  they  are  eafily  broken, 
and  that  they  are  hollow,  and  covered  with  brilliant  laminae. 
The  aperture  through  which  the  lblvent  has  penetrated  into 
the  interior  is  often  difcovered;  and  as  their  colour  is  in 
nothing  different  from  that  of  the  powder,  there  can  be  no 
doubt  that  the  latter  is  the  refiduum  of  the  erofion  of  the 
grains  of  the  platina.  In  a  word,  thefe  phenomena  are 
more  remarkable  in  black  platina  ore  than  in  white,  becaufe 
the  principle  which  produces  this  powder  appears  to  me  to 
be  more  abundant  in  the  former. 

XII.  Experiments  on  the  Black  Powder, 

Two  hundred  grains  of  this  powder,  well  preffed  together, 
being  calcined  in  a  wide  crucible,  exhaled  fulphuric  acid 
fumes.  Towards  the  end  of  the  calcination  I  thought  I  per¬ 
ceived  that  the  fumes,  though  (till  acid,  had  no  longer  a  fui-’ 
phurous  character.  The  refiduum  was  pretty  black,  and 
began  to  be  agglutinated  together :  it  had  loft  23  parts.  The 
177  which  remained  were  dififolved  in  nitro-muriatic  acid; 
and  the  folution  being  precipitated  by  muriate  of  ammonia, 
the  refult  was  an  ammoniacal  muriate  fimilar  to  others,  of 
which  I  ftiall  fpeak  hereafter.  The  remaining  liquor  was 
found  much  lefs  coloured  than  ufual.  I  treated  it  with  pot- 
afh,  which,  to  my  great  aftonifhment,  precipitated  a  white 
phofphate  of  iron.  I  call  it  white,  becaufe  it  is  that  which 
all  iron  oxidated  to  its  maximum  produces.  We  have  here, 
therefore,  on  the  one  hand  fulphur,  and  on  the  other  phof- 
phorus,  combined  in  the  refiduum  of  our  crude  platina  in 
greater  quantity  than  in  the  metal  itfelf. 

As  the  remainder  of  the  black  powder  weighed  no  more 
than  42  grains,  it  is  evident  that  the  acid  had  dififolved  135 
of  the  177  grains  of  black  powder  calcined. 

Thele  42  grains  of  powder  were  ftill  very  black  :  they  no 
longer  emitted  any  odour  by  the  flame  of  the  blowpipe. 
They  were  not  attacked  by  the  nitro-muriatic  acid.  They 
were  nothing  elfe  but  plumbago  or  graphite  very  pure.  To 

D  3  afeertain 
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afcertain  with  more  certainty  the  nature  of  this  powder,  I 
thought  proper  to  make  the  following  experiment. 

1  diffolved  200  grains  of  black  powder  well  dried,  but  not 
calcined,  in  nbro- muriatic  acid  of  the  fame  ftrength.  Having 
walked  and  weighed  the  refiduum,  it  indicated  that  the  fol- 
vent  had  taken  up  only  24  grains.  The  folution  being  then, 
treated  with  muriate  of  ammonia  gave  me  common  muriate 
of  ammonia;  and  the  laft  liquor  produced,  by  the  addition 
of  potafh,  phofphate  of  iron,  which  gave  me  no  new  inform¬ 
ation. 

But,  if  it  be  recollected  that  200  grains  of  the  black  pow¬ 
der,  which  had  loft  23  grains  of  fulphur  and  phofphorus, 
afterwards  fuffered  to  be  taken  up  by  the  fame  folvent  even 
135  grains  of  platina,  one  will  certainly  be  aftoniftied  to  find 
that  200  grains  of  the  fame  powder,  which  ftill  retained  its 

23  grains  of  combuftible  matter,  fhould  have  refilled  the 
adtion  of  the  folvent  to  fuch  a  degree  as  to  give  up  to  it  only 

24  grains  of  metal.  This  refiftanee  muft  necefifarily  find  its 
meafure  in  the  difference  between  the  numbers  135  and  24, 
which  here  reprefen t  to  us  the  quantities  taken  from  the  black 
powder  during  the  ftrft  and  fecond  experiments. 

J  then  fufpected  that  the  union  of  the  combuftibles  accu¬ 
mulated  in  the  platina,  formed,  perhaps,  thegreateft  obftacle 
to  the  folution,  both  in  thefe  experiments  and  in  thofe  made 
on  platina  on  a  large  fcale.  Several  faCts,  which  I  had  already 
obferved  in  regard  to  the  folution  of  metallic  fulphurets,  com¬ 
pared  with  that  of  their  refpeCtive  metals,  confirmed  me  in 
this  opinion,  at  leaft  until  other  obfervations  had  enabled 
me  to  reCtify  what,  might  not  be  founded  on  that  conjecture. 

I  therefore  collected  the  powder,  after  the  fmall  lofs  it  had 
experienced  in  the  nitro-muriatic  acid,  and  expofed  it  to  the 
ftame  of  the  blowpipe.  At  the  fame  inftant  it  exhaled  fumes 
of  fulphur,  and  perhaps  even  of  fulphuric  acid,  as  denfe  as 
that  which  it  had  produced  before  being  fubjeCted  to  the 
aCtion  of  the  folvent.  If  we  fuppofe,  then,  that  the  black 
powder  gives  up  to  the  folvent  335  parts  inftead  of  24,  at  the 
moment  when  it  is  feparated  from  the  combuftibles  by  tor- 
refaCtion,  there  remains  no  doubt  that  thefe  combuftibles, 
on  the  one  hand,  oppofe  a  ftrong  refiftanee  to  the  aCtion  of 
acids,  and  defend  the  platina  from  it;  and,  on  the  other, 
that  oeconomy  requires,  in  operations  on  a  large  fcale,  that 
the  black  powder  thou  Id  be  preferved  feparate,  to  be  calcined 
before  it  is  treated  with  nitro-muriatic  acid. 

If  we  refleCf  that  the  fulphurets  and  phofphurets  of  iron, 
which  are  the  only  ores  found  in  fmall  quantity  in  the  mi¬ 
neral,  are  incapable  of  pppofing  fuch  a  reft  fiance  to  the  aCtion 
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of  the  nitre-muriatic  acid,  it  will  no  longer  be  doubted  that 
it  is  chiefly  owing  to  the  fulphurated  phofphorized  platina. 

In  fupport  of  my  conjecture,  I  {hall  fav  a  few  words  re- 
fpeCting  the  fulphurets  of  which  I  have  fpoken. 

The  fulphuret  of  mercury,  or  cinnabar,  contains  the  metal 
in  its  natural  hate,  and  not,  as  is  commonly  faid,  in  that  of 
oxide ;  for,  notwith handing  the  difpofition  of  mercury  to 
unite  with  oxygen,  concentrated  nitric  acid  does  not  attack 
cinnabar. 

Copper  takes  up  28  parts  in  100  of  fulphur,  and  never  lefs: 
-it  can,  however,  diffol  ve  fulphuret  of  copper  in  various  pro¬ 
portions,  as  may  be  feen  in  my  eflfays  on  black  copper.  If 
copper  containing  fulphuret  be  expofed  to  nitrous  acid  of  12 
or  15  degrees  ,  the  copper  will  be  difTolved  5  and  fulphuret, 
which  will  feparate  itfeif  under  the  form  of  a  blackifh  blue 
powder,  cannot  be  oxidated  but  in  a  very  ftrong  heat. 

I  applied  feveral  times  an  acid  of  35  degrees  f  to  Ameri¬ 
can  {liver  ore  containing  fulphurets  of  copper,  lead,  iron, 
antimony,  zinc,  manganefe,  &c.,  and  found  that,  if  thefe 
mixtures  were  not  heated,  the  greater  part  of  the  metals  were 
attacked  by  the  acid,  the  whole,  or  at  leaft  the  greater  part, 
of  the  filver  in  the  flate  of  fulphuret  excepted ;  from  which 
we  may  conclude  that  this  fulphuret  is  one  of  thofe  which 
refifl  the  aCtion  of  the  nitric  acid  much  more  than  the  metal 
itfeif.  It  is  very  probable  that  this  is  the  cafe  with  many 
Others,  which  I  do  not  at  prefent  recolleCt. 

[To  be  continued.] 
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IX.  On  Bleaching .  By  a  Cor  ref  pond ent. 

To  the  Editor  of  the  Philofophical  Magazine „ 

sijt,  - 

THE  importance  of  the  new  mode  of  bleaching  to  the 
principal  manufactures  of  this  country  renders  it  worthy  the 
mod  minute  and  accurate  attention.  Before  your  publication  of 
O’Reilly’s  Effay,  no  complete  treatife  on  the  modern  fyftem 
had  appeared.  That  of  Berthollet,  the  difcoverer,  though  in 
many  particulars  very  defective,  was  undoubtedly  the  belt 
adapted  to  inftriiCt  the  practical  manufacturer,  who  cannot  be 
fuppofed  intimate  with  the  minhtiae  of  the  laboratory,  The  in- 

If  thefe  are  degrees  of  Baume’s  areometer,  as  may  be  prefumed,  they 
jnclicatp  a  fpecific  gravity  of  from  foSg  to  1U14. 
t  Specific  gravity  of  1-3 14. 
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definite  effay  of  Higgins  prefuppofes  too  much  previous  know¬ 
ledge  in  the  reader,  ever  to  enable  the  inexperienced  to  adapt 
or  eflablifh  the  new  procefs;  and  the  many  other  detached 
effays  however  valuable  on  particular  parts,  are  yet  far 
From  forming  a  whole ,  whence  the  practical  bleacher  might 
gain  inftrucfion  to  adapt  or  improve  this  new  fvftem.  The 
prefent  efTay  not  onlv  pre  fonts  a  complete  view  of  all  that  has 
hitherto  been  publifh'ed,  but  adds  many  original  facts  to  the 
illuftration  of  the  modus  operand^  or  theory  and  practice  of 
bleaching.  It  is  therefore  with  no  inconfiderable  deference 
that  I  venture  to  offer  fome  remarks  on  the  work  of  fo  expe¬ 
rienced  a  chemjft. 

That  there  fhould  ftill  be  fueh  a  diverfity  in  the  quantity 
of  the  ingredients  for  preparing  the  oxymuriatous  acid  may 
appear  ftrange,  when  its  nature  and  properties  are  lo  well 
under  flood.  This  may  be  accounted  for  only  by  the  peculiar 
modes  of  preparing  it,  for  the  end  of  all  is  the  fame.  The 
firft  attempts  to  prepare  this  acid  fit  for  bleaching  often  fail, 
and  the  caufe  of  fuch  failures,  owing,  perhaps,  only  to  the 
want  of  manual  dexterity,  is  generally  afcribed  to  a  deficiency 
in  the  quantity  of  fome  of  the  ingredients.  To  remedy  this 
fuppofed  deficiency,  an  unnecefTary  quantity  of  fome  one  ar¬ 
ticle  is  added  :  hence  the  German  practice  of  tiling  64  parts 
fait  to  20  manganefe,  when  mod  probably  the  converfe  quan¬ 
tities,  properly  managed, would  have  much  fooncr  produced  the 
defired  effect.  The  ufe  of  fait  in  this  procefs  has,  no  doubt, 
hitherto  been  greatly  over-rated.  It  does  not  appear  that 
muriatic  acid  alone  poffeffes  anv  bleaching  powers,  hut  that 
ofdepofiting  a  pale  fubftantive  yellow  upon  every  other  colour. 
To  oxygen,  of  which  it  is  only  the  vehicle,  is  juffly  afcribed 
the  deterfive  property  of  oxymuriatous  acid ;  and  fluffs  are 
whitened  with  greater  or  lefs  celerity,  according;  to  their 
greater  or  lefs  facility  of  combining  with  oxygen.  The  co¬ 
louring  matter  undergoes  a  real  flow  copibuftion,  which  ter¬ 
minates  by  the  formation  of  carbonic  acid,  which,  efcaping 
under  the  form  of  elaftic  fluid,  produces  what  we  call  bleach¬ 
ing.  Granting  that  combuftion  actually  takes  place,  (in 
which  there  is  no  lefs  of  theory  than  experiment,)  and  the 
oxygen,  uniting  with  the  carbon,  efcapes  in  the  Hate  of  car¬ 
bonic  gas,  the  muriatic  radical  and  bale  of  the  colouring 
matter  muft  unite  and  form  a  concrete  fubflance ;  the  refi- 
duary  product  of  combuftion,  which  literally  dyes  a  leaden 
white,  and  which,  like  leaden  paint,  on  expofure  to  the  at- 
mofphere,  fhortly  affumes  a  dirty  yellow  colour.  That  this 
is  really  the  cafe  can  fcarcely  be  doubted ;  and  that  all  ihe 

*  It  is  poffible  tome  of  thefe  may  have  efcaped  the  writer’s  attent:m. 

attempts 
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attempts  hitherto  have  done  no  more  than  dyeing  a  leaden 
white,  which  foon  becomes  a  pale  vellow,  that  requires  the 
joint  efforts  of  oxygen  and  alkalies  to  remove,  trnift,  on  a 
moment’s  reflection,  be  evident  to  every  one.  To  this  caufe 
may  be  aferibed  the  failure  of  the  learned  editors  of  the  En¬ 
cyclopaedia  Britannica,  who  were  no  mean  chemifls.  With 
the  acid  prepared  according  to  Berthollet’s  mode  they  dyed 
yellow,  but  could  not  bleach  white. 

It  is  generally  agreed,  that  the  muriatic  acid  is  no  further 
ufeful  to  bleaching  than  by  its  power  of  retaining  oxygen  in 
water,  and  thus  conveying  it  in  a  ftate  fit  to  adt,  more  or  lefs, 
on  both  the  external  and  internal  parts  of  the  fluff  to  be 
bleached.  Hence  it  is  evident,  that  the  ufe  of  fuch  a  quan¬ 
tity  of  fait  is  riot  only  injurious  to  the  celerity  of  the  procefs, 
but  entails  an  embarrafflng  expenfe  on  this  method  of  bleach¬ 
ing.  However,  even  this  more  than  triple  quantity  of  fait 
may  have  been  neceffary  to  incorporate  or  retain  the  requiflte 
quantity  of  oxygen  to  perform  the  whitening  procefs,  if  the 
apparatus  were  not  properly  adapted.  Condenfers  have  been 
generally  ufed,  and  Mr.  O’Reilly  propofes  (Plate  I.  fig.  i.  C.*) 
an  improved  one;  but,  if  duly  exarnined,  they  will  be  found 
not  only  inefficacious,  but  highly  disadvantageous  to  the  ad¬ 
mixture  of  the  oxygen  with  the  water.  It  is  well  known  how 
flight  the  union  of  oxygen  with  muriatic  acid  is ;  and  who¬ 
ever  will  try  even  this  improved  condenfer  will  find  an  almofl: 
complete  feparat'ion  of  the  two  gafes  before  they  are  brought 
in  contaCt  with  the  water.  So  (lightly  indeed  are  they  mixed, 
that  the  moment  the  heat  and  confequent  motion  is  with¬ 
drawn  from  thefe  condenfers,  that  moment  the  gafes  begin  to 
feparate  according  to  their  fpecific  gravities.  At  the  top  will 
be  found  tolerably  pure  oxygen  gas,  while  the  bottom  con¬ 
tains  muriatic  mixed  with  fome  fulphuri'c  acid  gas.  This 
laft  combination  is  confiderably  deterfive,  but  is  alfo  fome- 
what  corrofive,  and  has  often  damaged  goods ;  a  circum- 
fiance  that  may  be  avoided  by  having  them  previoufly  wetted 
in  water.  It  is  lefs  injurious,  however,  to  cotton  than  linen 
goods;  and  to  this  is  owing  probably  the  great  quantity  of 
fulphuric  acid  ufed  at  Maine  heifer,  where  it  is  diluted  with 
double  its  quantity  of  water;  which  niuft  excite  fuch  a  rapid 
ebull  ition,  that  fome  of  the  fulphuric  acid  will  be  carried 
into  the  receiver.  Sulphuric  acid,  diluted  with  lefs  than  its 
volume  of  water,  will  produce  the  purefl  oxymuriatic  gas. 
By  ufing  condenfers,  much  of  the  oxygen  too  is  diffipated 
through  the  anti-abforbent  tube  (if  I  may  fo  call  it)  at  the 
top  of  the  condenfer.  Under  fuch  circum  (lances  it  is  not 

*  See  Philofophical  Magazine,  voL  x. 
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furprifing  that  extraordinary  quantities  of  muriatic  acid 
should  be  required  to  retain  a  very  frnall  quantity  of  oxygen. 

To  obviate  the  lofs  of  the  oxygen,  and  prevent  the  necef- 
fity  of  uhng  fo  much  fait,  the  alembic  and  great  receiving 
vat,  or  vats,  fhould  always  communicate  immediately  toge¬ 
ther,  without  the  intervention  of  condenfers,  which  always 
tend  to  diminilh  the  capability  of  the  muriatic  acid  to  unite 
with  and  retain  the  oxygen  in  the  water,  and  thus  defeat  the 
objedl  of  the  procefs.  Abforption  might  be  guarded  againft 
by  having  the  communicating  tube  bent,  like  a  double  fy- 
phon  (15  )?  and  in  the  lower  angle  to  have  an  air-tight  hop¬ 
per,  that  would  yield  on  the  firfl  preffure,  fo  that  no  water 
could  ever  reach  the  alembic.  It  ought  to  be  remembered 
too,  that  it  by  negledt  abforption  ever  takes  place,  the  liquor 
will  be  rendered  almofl  totally  inert,  even  with  the  heft  con¬ 
denfers.  Various  other  modes  of  anti -abforption  might  be 
adapted  equally  efficient  with  thofe  in  ufe,  and  without  their 
inconveniences. 

When  citizen  Paul  thinks  proper  to  publifh  his  mode  of 
impregnating  water  with  oxygen,  perhaps  a  (till  more  fpeedy 
and  effectual  method  of  difeharging  the  colouring  matter  o-f 
cotton  and  linen  may  be  found ;  and  the  theory  or  procefs  of 
combuftion,  adapted  by  Berihollet  in  his  u  Elements  of  the 
Art  of  Dyeing,”  and  ably  combated  by  Dr.  Bancroft  *  in 
his  m.oft  ingenious  iC  Refearches  in  the  Philofophy  of  per¬ 
manent  Colours,”  be  fuperleded  by  the  more  fimple  term 
folution.  ,  J,  A»  B* 

TokenhoufEyard, 

Sept.  9,  1 8or. 


X,  Experiments  on  Dyeing  Cotton  with  the  Flowers  of  the 

Carthamus  Tintiorius  (Safflower).  By  ProfeJJ'or  Bec&*» 

MAN  p. 

.A  BOUT  feven  years  vago,  I  made  various  experiments  on 
dyeing  wool  with  the  flowers  of  the  carthamus ;  and  two 
years  after  I  added  fome  experiments  on  dyeing  linen  in  the 
fame  manner  J.  As  thefewere  approved  by  men  well  verfed 
in  that  part  of  chemiftry  which  relates  to  the  art  of  dyeing, 

"  May  it  be  permitted  to  afk  this  philofopher,  through  the  medium  of 
the  Philofophical  Magazine,  when  the  world  will  be  favoured  with  hi? 
promifed  fecond  volume  of  Refearches? 

f  From  the  TranfaEtians  of  the  Royal  Society  at  Gottingen  for  the  Tear 
J7So-  '  _ 

%  Novi  Commentar.  Societ.  Gottin.  iv.  p.89.  and  vi.  p.  79. 

$  I  refolvec! 
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I  refolved  to  make  fome  experiments,  alio,  on  dyeing  cotton 
with  the  flowers  of  the  carthamus;  cfpecially  as  no  perfon, 
as  far  as  I  know,  had  ever  before  fhown  what  effect  might 
be  produced  by  the  beautiful  red  dye  of  this  flower. 

The  celebrated  Poerner  *  made,  indeed,  various'  expert 
ments  on  cotton;  but  his  only  relate  to  the  fa  Tran  -  colon  re$ 
dye  of  the  plant;  nor  did  he  employ  any  alkaline  fait  to  ex- 
tra6t  the  red  dye.  Scheffer  f  alfo  made  experiments  on  the 
fame  fubjedf ;  but  my  obfervations  have  not  been  anticipated 
by  his,  fince  he  tells  us,  that  the  method  of  dyeing  cotton, 
and  filk  with  thefe  flowers  is  the  fame,  chough  it  may  be 
eafily  proved  that  there  is  a  very  effential  difference.  But, 
before  I  give  an  account  of  my  experiments,  let  me  be  per-r 
mitted  to  make  a  few  obfervations  refpedting  the  art  of  dyeing 
cotton  in  general. 

No  doubt  can  be  entertained  that  it  is  more  difficult  to  dye 
cotton  than  to  dye  wool  or  filk.  Every  thing  made  of  wool 
readily  imbibes  the  dye  :  filk  imbibes  it  with  more  difficulty: 
but  cotton  rejedls  all  dyes  fo  much,  that  thofe  which  imme¬ 
diately  penetrate  wool,  and  tino;e  it  with  a  ffrong  colour, 
fcarcely  communicate  any  tint  whatever  to  the  latter,  and 
even  the  dve  which  adheres  to  it  may  he  eafilv  dil'chamcd, 
and  oft-times  by  water  alone.  For  this  reafon,  there  is 
fcarcely  any  colour  on  cotton,  except  that  called  the  Turkey* 
red,  which  is  either  agreeable  to  the  figffit  or  of  a  durable 
nature.  But,  if  we  with  to  inquire  into  the  caufe  of  this  dif¬ 
ference,  we  muff  attend  to  the  nature  of  the  two  fubffances. 

There  can  be  no  doubt  that  wool  contains  a  larger  quan¬ 
tity  of  fat,  or  inflammable  matter,  than  cotton.  We  have 
reafon  likewife  to  conjecture,  that  wool,  and  the  hair  of  ani¬ 
mals,  have  more  and  larger  pores,  as  well  as  more  capacious 
fibres,  than  thofe  fubffances  procured  from  vegetables.  The 
great  objedt,  then,  will  be,  to  remove  by  art  that  difference 
which  there  is  between  animal  and  vegetable  fubffances. 
That  the  fmallnefs  of  the  pores  or  fibres  can  be  corrected  by 
art,  we  have  fcarcely  reafon  to  hope:  but  we  may  make 
choice  of  colouring  fubffances  well  diluted  and  foft,  and  as 
fluid  and  penetrating  as  poffible,  that  is,  rather  faline  than 
earthy;  and  may  alfo  prepare  or  macerate  the  cotton  in  fuch 
liquors  as  are  capable  of  rendering  its  fibres  fofter  and  loofer. 
Daily  experience,  however,  fhows  that  much  cannot  be  ef- 
fedfed  in  this  manner;  for  though  cotton,  by  means  of  falts, 
piay  be  made  to  imbibe  various  dyes,  yet  they  are  eafily 

*  Poerner  Farberey-Verfuche,  voL  iii.  p.  13S.  - 

t  Scheffer  Chemifdhe  Vorlefungen  iiberfezt  von  Weigel,  p.  67  c;. 
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w  allied  out  and  cleft royed.  Let  us  try,  then,  if  a  method 
cannot  be  di (covered  to  render  the  nature  of  cotton  more 
like  to  that  of  wool.  This,  indeed,  will  be  the  cafe,  if  we 
infill  into  it  an  oily  fob  fiance  lo  as  to  become  a  component 
part  of  it,  which  can  neither  be  wafhed  out  with  cold  water 
nor  foap,  nor  in  any  other  manner. 

But  as  the  Turkifh  red  poffeffes  all  thofe  qualities  which 
are  requisite  in  (tuffs  that  have  been  dyed,  this  affords  a  fuffi- 
cient  proof  that  cotton  may  be  fo  prepared  by  art  as  to  re¬ 
ceive  a  conftant  and  fixed  colour.  That  Turkifh  dye,  there¬ 
fore,  midi  be  the  pattern  to  which  all  our  experiments  are 
directed  :  for  it  hands  the  ravs  of  the  fun,  as  alfo  the  aCtion 
of  foap  and  common  ley  ;  though  when  often  wafhed,  and 
expofed  to  the  fun,  it  undergoes  fotne  variation  ;  but  the 
colour  is  fo  far  from  becoming  worfe,  that  it  is  rather  im- 
proved,  and  rendered  brighter.  If  the  cotton  yarn,  however, 
be  digefted  long  in  a  caufiic  ley,  or  rubbed  in  it  too  much, 
the  colour  is  injured.  Rectified  fpirit  of  wine  (alcohol)  does 
not  hurt  the  colour  of  the  yarn  dio-efted  in  it,  nor  does  the 
fpirit  acquire  any  tinChire  from  it.  Spirit  of  faff  ammoniac, 
prepared  by  means  of  lime  (caufiic  ammoniac,)  is  no  lefs  in¬ 
effectual.  The  colour  is  hot  injured  by  urine  when  under¬ 
going  decompofition ;  nor  does  microcoftnic  fait  hurt,  hut 
rather  makes  the  colour  more  agreeable,  as  is  faid ;  though 
that  experiment  I  never  tried.  Mineral  acids  corrode  the 
threads,  but  the  colour  itfelf  remains.  Tf  digefted  for  fome 
days  in  nitric  acid,  or  in  aqua-regia ,  the  colour  becomes 
yellowifh,  and  at  length  difappears. 

Thefe  experiments,  which  I  myfelf  and  many  chemifts 
have  tried,  feemed  to  preclude  all  hope  of  diffolving  and  dif- 
coverinrr  the  nature  of  that  dye  ufed  by  the  Turks,  till  J.  C. 
Oettinger,  (ormerly  profeftor  at  Tubingen,  who  has  deferved 
fo  well  of  chemiftry,  threw  out  fome  hints  likely  to  lead  to 
a  knowledge  of  it.  He,  as  far  as  I  know,  was  the  firft  perfon 
who  had  an  opportunity  of  obferving  the  great  effeCt  which 
oil  of  olives  has  upon  that  Turkey  dye.  He  found,  that  if 
cotton  yarns  dyed  with  it  were  dipped  in  this  oil,  and  then  rub¬ 
bed  a  little,  they  loft  their  colour,  and  that  the  whole  colour¬ 
ing  matter  became  fo  thoroughly  diffolved,  that  other  threads 
•could  he  dved  "in  that  oily  foiution  ;  fo  that,  by  the  help  of 
oil,  the  dye  on  Turkifh  yarn  could  be  transferred  to  other 
undyed  cotton. 

Tilde  obfervations  afford  grounds  for  various  conjectures. 
The  colouring  matter  which  the  Turks  ufe,  is  perhaps  of 
fuch  a  nature  as  to  be  foluble  in  oil  in  the  fame  manner  as 
refins  j  and  perhaps  the  colouring  matter  adheres  to  vege¬ 
table 
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table-  fubftances  by  means  of  fome  matter  diflblved  by  the 
01L  But  the  conftancy  of  the  colour  in  alkaline  falts  oppofes 
this  conjecture;  and  it  is  more  probable  that  the  Turks  may 
have  dilcovered  fome  method  of  affimilaling  cotton  fluffs  to 
thote  made  of  wool,  and  of  thus  rendering  them  more  capable 
than  they  naturally  are  of  receiving  the  colouring  fubftance. 

The  celebrated  profeffor  Pallas  proved,  a  few  years  ago, 
that  this  conjecture  is  not  only  probable,  but  even  true.  This 
gentleman,  who,  in  travelling  through  the  immenfe  provinces 
ot  the  Ruffian  empire,  directed  his  attention  not  only  to  ob- 
ierving  and  collecting  animals,  plants,  and  minerals,  but  alfo 
to  various  uncommon  proceffes  employed  by  the  inhabitants, 
which  might  ierve  to  improve  the  arts  of  Europe,  was  fo  for¬ 
tunate  as  to  acquire  a  knowledge  of  the  manner  in  which  the 
Armenians,  who  have  retired  to  Aflracan  on  account  of  the 
continual  troubles  in  Perfia,  dve  cotton  after  the  Turkifli 
manner.  1  nis  process,  which  the  proleffior  communicated 
to  the  public  in  177 6  in  the  Petcdburgh  Journal,  I  ffiail 
not  deicube  at  full  length,  but  only  relate  a  few  circum- 
fiances  that  may  ferve  to  confirm  my  opinion,  and  to  be  a 
guide  to  others  in  profecuting  experiments  on  this  fnbjedt. 

The  cotton  yarn  is  Peeped  by  the  Armenians  in  fiffi  oil. 
It  is  then  dried  in  the  open  air,  and  this  procefs  is  repeated 
for  feven  days  and  nights.  The  Armenians  fay  that  no  fhh 
oil  can  be  uled  but  that  which  ailnmes  a  milky  appearance 
by  tne  addition  of  an  alkaline  folution.  I,  indeed,  fufpedf 
that  the  fat  of  marine  animals,  and,  in  particular,  tidies,  is 
much  toiler  and  more  fubtle,  and  penetrates  folid  bodies 
inuciy  more  eafily  than  the  fat  of  other  animals  •  and  it  is 
for  this  reafon,  in  my  opinion,  that  the  Armenians  ufe  only 
tifli  oil,  which  can  be  readily  procured  at  Aflracan. 

>  The  yarn  which  has  imbibed  a  fufficiency  of  oil  is  waflied, 
uned,  and  dipped  in  an  aflnngent  liquor  111  which  there  is  an 
abundant  mixture  of  alum. 

Cotton  yarn  thus  prepared  is  dyed  with  the  colouring 
matter  or  madder  which  has  been  mixed  with  calves  blood. 
In  my  opinion,  the  dye  of  the  madder  is  not  only  heightened 
by  the  rednefs  of  the  blood,  but,  as  the  red  part  of  the  blood 
is  or  an  oily  nature,  as  is  proved  by  the  red  globules,  which, 
by  the  help  of  a  inicrofcope,  are  fee  11  floating  on  blood,  it  may 
facilitate  the  entrance  of  the  colouring  matter  into  the  pores 
of  the  yarn,  and  the  alkaline  ialt  contained  in  blood  adds 
ftrongly  on  the  colouring  particles  of  the  madder,  which  it 
extracts,  as  I  have  already  proved  by  experiments  with  alka¬ 
line  falts.  *  -  , 

When 
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When  the  yarn  is  dyed,  it  is  digebed  for  24  hours  with 
a  brong  folution  of  foda  in  an  earthen  jar  placed  over  a  fire. 
By  tliefe  means  the  colour  is  more  ftrongly  faturated,  as  the 
alkaline  fait  renders  raoft  red  colours  more  obfcure  or  yellow; 
and,  if  there  are  any  remains  of  oil,  they  are  entirely  ex¬ 
tracted  by  the  folution  of  foda*. 

What  has  been  here  faid,  is  confirmed  by  the  accounts 
given  of  the  method  of  dyeing  employed  in  the  Eab  Indies ; 
for,  though  it  may  appear  fomewhat  different  from  that  fol¬ 
lowed  at  Aftracan,  yet  the  dyers  there  make  ufe  of  animal 
oil  or  animal  foap,  which  adheres  to  the  dung  of  fheep  and 
other  animals  f. 

Though  there'  is  no  doubt  that  the  method  of  dyeing  de¬ 
fended  by  profeffor  Pallas  might  be  fuccefsruliy  imitated  by 
our  dyers,  it  is  not  my  intention  to  make  any  trial  on  mad¬ 
der,  but  rather  to  apply  the  principles,  which  I  have  already 
explained,  to  the  ufe  of  the  carthamus.  For  this  reafon,  I 
fubjedled  to  experiments  a  piece  of  cotton  cloth  commonly 
called  chintz,  which  was  white,  and  had  never  been  worn. 
I  wafhed  carefully  the  flowers  of  the  carthamus,  that  nothing 
of  their  yellow  colouring  matter  might  remain;  after  which 
I  beeped  them  in  an  alkaline  folution,  and*  expreffed  the 
juice.  This  expreffed  juice,  which  contained  all  the  red  dye 
of  the  carthamus,  and  which  I  fhall  call  the  alkaline  liquor , 
I  tempered  with  the  acid  of  lemon  juice. 

1.  Having  melted  hog’s  lard,  I  beeped  the  cloth  in  it  for 
twro  hours,  and  then  wabred  it  in  cold  water  until  fcarcely 
any  refiduum  of  the  fat  fubbance  was  feen  floating  on  the 
furface.  I  then  beeped  the  cloth,  after  it  was  thoroughly 
dried,  in  the  alkaline  liquor,  and,  when  it  was  well  fa  tit¬ 
rated,  I  threw  it  into  lemon  juice,  and  repeated  the  fame  pro- 
cefs  frequently.  I  proceeded  in  the  like  manner  with  chintz, 
which  I  had  premacerated  in  water  alone,  and  not  with  ani¬ 
mal  fat;  but  the  latter  imbibed  much  Jefs  of  the  colouring 
matter :  a*id  this  experiment,  therefore,  proves  the  advantage 
of  ufing  fat  fubbances. 

O  # 

2.  In  the  like  manner,  I  premacerated  cotton  cloth  in  a 
folution  of  common  foap,  and,  after  it  had  boiled  for  fome 
hours,  I  dried  it.  This  experiment  alfo  fucceeded ;  for  the 

'*  For  profeffor  Pallas’s  account  of  the  procefs  followed  at  Aftracan  for 
dyeing  Turkey  red,  fee  Philofophical  Magazine,  vol.  i. 

f  Compare  Lettres  edifiantes ,  rec  xxvi.  See  alfo  Memoir cs  de  Mathe- 
matnque  et  de  Pbyfque  prefentes  d  VAcadem.de  Paris ,  tom.  iv.  p.  1.  The 
procefs  foi  dyeing  defenbed  by  Pallas  is  fimilar  to  that  inferted  in  Obfcrva- 
tions  fur  le  Commerce  et  fur  ks  4rtsf  par  Flachat,-  tom.  ii.  p.405. 
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doth  thus  prepared  was  much  better  dyed  than  that  foaked 
in  water  alone. 

3*  But  common  oil  oF  olives  is  much  fuperior  to  either 
hog  s  lard  or  foap.  I  boiled  cloth  in  this  oil  for  three  hours; 
i  lqueezed  out  the  oil,  and  wa filed  the  cloth  in  cold  water 
till  not  a  drop  of  oil  feemed  to  be  left  in  it,  though  the  frnell 
of  it  remained.  I  then  dried  the  cloth  either  above  a  hove 
or  in  the  open  air;  dipped  it  feveral  tifnes,  alternately,  in  the 
alkaline  liquor  and  lemon  juice;  and  obferved  that  there  was 
a  very  efTential  difference  between  the  cloth  which  had,  and 
that  which  had  not,  imbibed  the  oil.  The  one  had  affumed 
a  ftronger  and  much  better  fatu rated  colour;  and  the  other 
one  much  weaker,  and  was,  at  the  fame  time,  covered  m  many 
places  with  various  pale  fpots.  The  cloth,  alfo,  which  had 
not  yet  imbibed  oil,  loft  much  of  its  colour  in  drying;  hut 
the  colour  of  the  other  in  drying  teemed  to  acquire  ftrength. 
I  learned  alfo,  by  experience,  that  the  whole  procefs  fucceeds 
better,  the  oftener  the  cotton  is  thus  dipped  in  oil  and 
dried.  It  is  certain,  alfo,  that  the  cloth  extracts  fume  colour 
from  the  oil,  and  therefore  it  is  neceffary  that  the  latter 
Ihould  be  pure  and  limpid.  The  alkaline  fait,  by  which  the 
colouring  matter  of  the  carthamus  is  ext  rafted,  is  of  great 
fervice  in  this  procefs ;  for  the  oil  is  fo  far  from  rejecting  the 
watery  colouring  matter,  which  fome  might  apprehend, "that 
it  rather  ftrongly  attrafts  it,  on  account  of  the  alkaline  fait, 
which  facilitates  its  entrance  into  the  pores  of  the  cotton. 

4.  As  thefe  experiments  had  fucceeded,  I  endeavoured  to 
imitate  with  the  carthamus,  as  far  as  poffible,  the  procefs 
employed  by  the  Armenians.  With  this  view,  I  boiled  a 
piece  of  cotton  cloth  Feveral  times  in  olive  oil ;  then  wafhed 
it  thoroughly  in  cold  water,  and  afterwards  dried  it.  After 
this,  I  mixed  water  impregnated  with  the  yellow  colour¬ 
ing  matter  of  the  carthamus,  or  a  yellow  infufion  of  the 
carthamus,  with  pounded  galls  and  alum.  I  then  took 
cloth  which  had  been  premacerated  in  oil,  and  clipped  it  in 
this  folution,  after  it  had  boiled  a  little,  and  found'  that  the 
cloth,  when  wrung,  was  of  a  yellow  colour.  Having  dried 
the  cloth,  I  dipped  it  in  the  cold  alkaline  liquor  of  the  ear- 
thamus,  and  then  immerfed  it  in  lemon  juice;  and  this 
being'  frequently  repeated,  the  cloth  appeared  of  a  beautiful 
and  full  red.  Cloth  which  had  not  been  fteeped  in  oil,  but 
which  in  other  refpefts  had  been  expofed  to  the  like  pro¬ 
cefs,  was  of  the  fame  colour,  but  a  little  paler;  and,  for  that 
reafon,  I  recommend  this  mode  of  dyeing  to  thofe  who  do 
not  choofe  to  employ  oil. 

I  fhall  now  add  in  what  manner  I  tried  the  conftancyor 

durability 
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durability  of  this  dye.  But  I  (hall  fpeak  only  of  thofe  cloths 
which  were  premacerated  in  an  aftringent  folution  of  alum* 
The  cloth  which  had  imbibed  oil,  and  that  which  had  not 
imbibed  it,  both  flood  alkaline  falts;  for  thefe  falls  rendered 
the  colour  of  both  darker,  without  any  other  change.  Nitric 
acid  not  diluted  with  water  rendered  the  colour  of  both  firfk 
brighter,  then  yellow,  and  at  laft  deftroyed  it  altogether. 
But  hill  there  was  a  great  difference  :  for  the  cloth  which 
had  been  prepared  with  oil  retained  its  colour  much  longer, 
and  when  walked  in  water,  at  the  end  of  feven  or  eight  mi¬ 
nutes  the  colour  returned,  but  of  a  violet  hue;  whereas  cloth 
prepared  without  oil  loft  its  whole  colour  fooner.  The  fame 
acid  diluted  injured  the  latter,  but  not  the  former.  Even 
the  Turkey  dye,  prepared  with  madder,  which  is  more  con- 
ftant,  will  not  long  withftand  the  nitric  acid ;  nor  is  it  ne- 
eeftary  that  all  our  cloths  fhould  be  of  fuch  a  nature  as  to 
bear  all  acids.  If  a  few  drops  of  mineral  acid  fall  by  chance 
upon  a  piece  of  cloth  dyed  in  this  manner,  a  yellow  (pot  is 
produced  ;  but  it  entirely  vanifhes  from  both  kinds,  if  the  acid 
be  immediately  well  walked  out  with  water.  It  is  needlefs 
to  remark,  that  acid  vegetable  juices  do  this  dye  no  hurt.  It 
fuftains  no  injury  from  human  urine,  even  if  the  cloth  be 
left  in  it  for  feveral  days.  When  expofed  to  the  rays  of  the 
fun  for  fome  days,  thefe  cloths  fuffered  no  injury,  though 
that  dyed  without  oil  feemed  to  have  loft  more  of  its  colour. 
But  cloth  which  has  even  been  prepared  with  oil,  will  not 
bear  to  be  boiled  with  foap ;  its  colour  firft  becomes  violet, 
and  then  totally  difappears. 

Thefe  few  experiments  fo  fully  demonftrate  the  great  ad¬ 
vantage  of  oil  in  dyeing  cotton,  that  no  doubt  can  be  enter¬ 
tained  of  its  utility.  Imuft  ftrongly  recommend  it,  there¬ 
fore,  not  only  to  thofe  who  dye  cotton,  but  to  thofe  alfo  who 
dye  linen.  For,  as  the  great  power  of  the  oil  on  the  too 
fading  dye  of  the  carthamus  is,  that  the  colouring  matter  is 
fooner  abforbed,  and  in  greater  abundance,  by  the  cloth,  and 
alfo  retained  longer  by  it,  its  power  would  doubtlefs  be  much 
greater  upon  dyes  which,  by  their  natural  qualities,  bear, 
without  any  affiftance,  foap,  the  rays  of  the  fun,  and  falts, 
by  which  the  dye  of  the  delicate  carthamus  is  injured.  I  do 
not,  however,  imagine  that  I  have  found  out  the  beft  me¬ 
thod  of  employing  oil ;  but  I  entertain  a  hope,  that  thofe 
who  may  profecute  thefe  experiments  will  difcover  a  better. 
Thofe,  in  my  opinion,  will  be  more  fuccefsful  who  can  ule 
filh  oil,  which,  in  many  places,  may  eafily  be  procured  by 
dyers.  Nor  is  it  impoiiible  that  whale  oil,  called  commonly 
train  oil,  may  be  fo  prepared  as  to  be  fit  for  the  purpofes  of 
4  dyeing. 
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dyeing.  Dyers,  however,  may  reft  affured  that  the  colomf 
which  they  wifh  for  will  be  more  conftant  the  oftener  the 
cloths  1 6  be  dyed  are  dipped  in  oil,  or  are  boiled  in  pure 
fubtle  oil,  and  then  dried. 

9  ,  >, 

XI.  Defer ipilon  of  a  new  Furnace  for  corfujning  its  own 
Smoke ,  and  fav  in g  Fuel :  invented  by  Mejfrs .  Ro  BERT  on, 
of  Glafgow » 

ryy 

X  O  conftru&  furnaces  on  fuch  a  principle  as  fhould  en¬ 
able  them  to  confume  their  own  fmoke,  has  long  been  a  de~ 
fideratum  ;  and  we  believe  the  public  in  general,  but  efpe- 
cially  thofe  who  have  been  annoyed  by  the  fmoke  of  ft  earn, 
engines,  founderies,  and  ftmilar  erections  in  their  neighbour¬ 
hood,  will  be  glad  to  learn  that  a  furnace  has  been  contrived 
which  effectually  gains  this  end. 

The  conftruCtion  is  extremely  Ample,  and  will  be  eafily 
underftood  by  the  following  defeription,  and  the  plate  to 
which  it  refers* 

Fig.  I.  (Plate  i.)  reprefents  a  vertical  feCtion,  and  fig.  2. 
a  front  view  of  a  beam-engine  boiler,  furnifhed  with  one  of 
Meffrs.  Roberton’s  furnaces ;  and  the  fame  letters  refer  in 
both  to  the  fame  parts  of  the  conftru&ion. 

The  opening  A,  through  which  the  fuel  is  introduced  into 
the  furnace,  is  fhaped  fomewhat  like  a  hopper,  and  is  made 
of  eaft  iron  built  into  the  brickwork  H,H.  From  the  mouth 
it  inclines  downward  to  the  place  where  the  fire  refts  on  the 
bottom  grate  B.  The  coals  in  this  mouth-piece  or  hopper 
amfwer  the  purpofe  of  a  door  %  and  thofe  that  are  loweft  are 
by  this  means  brought  into  a  ftate  of  ignition  before  they  are 
forced  into  the  furnace.  Below  the  lower  plate  of  the  hopper 
K,  e  the  furnace  is  provided  with  front  bars  Gf,  which 
not  only  ferve  to  admit  air  among  the  fuel,  but  offer  a  ready 
>vay  to  force  the  fuel  back,  from  time  to  time,  from  c  to  d  J, 

' *  In  the  management  of  this  furnace,  what  is  chiefly  to  be  attended  to 
is,  that  the  hopper  be  kept  full  of  coal,  and  either  wholly  or  in  part  fmall 
coal,  to  p' event,  as  mnch  aspolfibie,  air  getting  in  by  that  paifage  :  it  is  alio 
neceflary  at  home  times  to  rule  a  fhutter  of  thin  plate-iron,  to  be  applied  to 
the  mouth  of  the  hopper  to  exclude. the  entrance  of  air  by  that  paflbge. 

f  Thefe  bars  are,  in  fadt,  a  grated  doer,  kept  in  their  pofition  by  a 
catch  L,  and  which  may  be  opened  at  pleaiure  for  cleaning  the  lire  out. 
In  fmall  furnaces  an  opening  here  is  all  that  is  neceflary  j  the  bars  may  be 
difpenfed  with,  " 

+  Between  the  back  end,  <r/,  of  the  bottom  bars,  and  the  breaft  brick¬ 
work  b,  is  reprefented  in  the  plate  a  fedtion  of  a  fhutter,  which  is  feme- 
times  opened  for  the  purpofe  of  getting  out  the  refule  of  the  fuel. 
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to  make  room  for  frefli  quantities  to  fall  into  the  furnace  from 
the  hopper  or  mouth-piece.  By  this  arrangement  the  fuel  . 
is  brought  into  a  hate  of  ignition  before  it  reaches  the  further 
tide  of  the  bottom  grate,  where  it  is  flopped  by  the  riling 
breaft,  h,  of  the  brick-work,  fo  that  any  fmoke  liberated  from 
the  raw  coals  in  the  mouth-piece  mull  pafs  over  thefe  burn¬ 
ing  coals  before  it  can  reach  the  flue  FFF.  But  this,  though 
it  would  caufe  a  large  quantity  of  the  fmoke  to  be  burnt* 
would  not  completely  prevent  the  efcape  and  afcent  of  fmoke 
up  the  chimney  ;  for  it  is  not  merely  neceffary  that  the  fmoke 
fhould  be  expofed  to  a  heat  fufficient  to  ignite  it  before  it 
efcapes  :  unlefs,  at  the  fame  time,  a  quantity  of  frefli  air,  able 
to  furnifli  a  fufBciency  of  oxygen  for  the  combuftion  of  the 
fmoke,  can  be  brought  into  contact  with  it,  it  will  flill  efcape 
in  an  undeeompofed  ftate.  The  judicious  admiflion  of  frelh 
air,  in  fuch  a  manner  that  it  can  reach  the  fmoke,  without 
previoufly  palling  through  the  fire,  and  parting  with  its  oxy¬ 
gen  in  its  paflage,  and  in  fuch  quantity  as  not  to  cool  the 
bottom  of  the  boiler,  but  merely  to  caufe  the  fmoke  to  burn, 
conftitutes  the  chief  merit  of  this  invention ;  and  to  us  it 
appears  that  it  will  fully  anfwer  the  propofed  end.  Below  the 
upper  fide  of  the  mouth-piece  or  hopper,  and  at  about  the 
difiance  of  q-qths  of  an  inch  from  it,  (this  fpace  being  a  little 
more  or  lefs,  according  to  the  lize  of  the  furnace,)  is  introduced 
a  call  iron  plate  an.  This  plate  is  above  the  fuel,  and  the 
fpace  between  it  and  the  top  of  the  hopper  is  open  for  the 
admiflion  of  a  thin  ftream  of  air,  which,  rulhing  down  the 
opening,  comes  firft  in  contact  with  that  part  of  the  fire 
which  is  giving  off  the  grcateft  part  of  the  fmoke,  viz.  the 
fuel  that  has  been  lafi  introduced,  mixes  with  it  before  it 
pafles  over  the  fuel  in  the  interior,  which  is  in  a  high  ffate 
of  combuflion,  and  enables  it  to  inflame  fo  completely,  that 
not  a  particle  of  fmoke  ever  efcapes  undeeompofed. 

The  quantity  of  air  thus  admitted  to  pafs  over  the  upper 
furface  of  the  fire,  is  regulated  by  a  very  Ample  contrivance  r 
The  plate  an  refis  at  each  end  on  a  And,  or  pin,  projecting 
from  the  cheeks  oi  the  mouth-piece  A,  or  is  furnilhed  at 
each  end  with  a  pivot  which  works  in  the  cheeks  ;  the  fa  id' 
pins' or  pivots  being  placed  about  mid-way  between  the  out- 
tide  and  tnfide  or  the  mouth -piece  or  hopper,  fo  that,  by 
elevating  or  deprefling  the  edge  a  of  the  plate,  the  opening  at 
n  is  enlarged  or  diminifhed.  When  that  degree  of  opening 
which  produces  the  belt  effects  is  obtained,  which  is  eaflly 
known,  the  plate  an  is  kept  in  its  place  by  means  of  a  piece 
of  iron  introduced  above  it,  and  anfwering  the  purpofe  of  a 
wedge. 
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Under  the  grates  is  the  afh-hole  I,  the  upper  part  of  which 
?s  furnilhed  with  doors  S  S,  which,  when  (hut,  prevent  the 
heat  from  the  front  bars  G  from  coming  out  into  the  apart¬ 
ment,  and  incommoding  the  workmen 

Invited  by  an  advertifement,  we  went  to  MefTrs.  Bunnell 
and  Silver,  Bedford- ft reet,  Covent  Garden,  to  fee  one  of 
thefe  furnaces  at  work,  and  we  were  not  a  little  gratified  in 
obferving  that  the  fmalled  appearance  of  fmoke  could  not  be 
perceived  iffuing  from  the  top  of  the  chimney.  The  advan¬ 
tages  of  fuch  an  improvement,  can  hardly  be  better  illudrated 
than  by  mentioning  what  had, actually  happened  with  this 
fleam -engine.  The  fmoke,  before  the  improved  furnace  was 
employed,  incommoded  the  neighbourhood  lo  much,  that  it 
was  flopped  as  an  intolerable  nuifance.  Now  it  is  fo  far 
from  didurbing  any  one,  that,  without  being  admitted  to  fee 
the  engine,  it  would  be  actually  impoffible  to  know  when  it 
is  at  work. 

Thefe  furnaces,  we  underdand,  have  alfo  been  adopted  by 
many  intelligent  manufacturers  at  Leeds  and  at  Manchefter0 
At  the  latter  place,  if  we  may  credit  newspaper  reports,  fe- 
veral  manufacturers  have  had  their  works  indidted  as  nui- 
fances  for  not  having  adopted  the  improvement ;  the  magi- 
ftrates  arguing,  that,  though  the  welfare  of  the  place  required 
that  fuch  inconveniences  fhould  be  fubmitted  to  while  no 
poflible  cure  for  them  was  known,  the  health  and  comfort  of 
the  inhabitants  equally  demand,  now  that  the  evil  can  be 
done  away,  that  fmoking  furnaces  fhould  not  be  permitted  in 
the  place. 

We  earneftly  recommend  to  owners  of  fleam -engines,  and 
alfo  to  thofe  who  are  annoyed  by  them,  to  endeavour  to  bring 
this  improvement  into  general  ufe.  Indeed,  we  entertain  no 
doubt  of  its  being  univerfally  adopted  fooner  or  later;  for  it 
yields  advantages  not  only  in  point  of  cleanlinefs,  comfort, 
and  health,  but  alfo  in  point  of  intereji- — all  the  fmoke  ufually 
difcharged  at  the  top  of  the  chimney,  being,  in  fabt,  fo  much 
good  fuel,  that  only  wanted  the  contact  of  frefh  air  to  inflame 
it  under  the  boiler.  It  is  a  fact  well  known,  that  the  flame 
which  is  often  fcen  iffuing  from  the  chimneys  of  founders, 
&  c.  has  no  exidence  except  at  the  top  of  the  chimney:  while 
afcending  the  flue  it  is  only  denfe  fmoke,  confiding  of  the 
azote  of  the  atmofpheric  air  decompofed  in  paffing  through 
the  fire,  ofhvdrogen,  coal-tar,  and  carbonaceous  matter,  of 
fuch  a  high  temperature,  that  it  only  wants  oxygen  to  make 
it  inflame  fpontaneouffy  :  this  it  obtains  from  the  atmofpheric 
air  into  which  it  afcends,  and  then  prefents  fuch  appear¬ 
ances  as  would  make  a  hafty  obferver  adopt  the  opinion  that 
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the  flame  had  afcended,  as  flame,  from  the  fuel  in  the  fur¬ 
nace ;  which  is  by  no  means  the  cafe.  A  confideration  of 
this  fimple  fa 61  will  convince  any  perfon  that  it  is  not  an 
inconliderable  proportion  of  the  fuel  that  is  thus  wafted.  Nor 
is  this  the  only  lot's  fuftained ;  the  quantity  of  heat  required 
not  merely  to  render  Inch  a  portion  of  the  fuel  volatile,  but  to 
give  to  it  a  temperature  able  to  produce  the  effect  of  which 
We  have  taken  notice,  is  itfelf  furnifhed  at  the  expenfe  of  an 
extra  and  unneceflary  quantity  of  fuel  1  The  whole  wade  in 
many  cafes  is,  we  are  perfuaded,  not  lefs  than  an  eighth  of 
the  whole  fuel  employed. 


XII.  Ohfervations  on  the  Onager  of  the  Antients ,  or  the  real 
Wild  Afs.  By  Profejfor  Pallas  *. 


UR  cabinets  of  natural  biftory  contain  a  multitude  of 
animals,  and  other  natural  productions,  from  both  the  Indies, 
which  are  even  fcaree  in  their  native  countries,  and  which, 
op  that  account,  are  fent  as  rarities  to  Europe :  on  the  other 
hand,  many  fpecies  common  in  di  ft  riels  not  very  remote  from 
.Europe  are  ftill  imperfeddly  known,  and  therefore  the  exift- 
ence  of  many  of  them  is  accounted  doubtful,  becaufe  people 
do  not  give  themfelves  the  trouble  to  examine  the  places 
where  they  are  found.  Of  the  truth  of  this  obfervation,  the 
wild  afs,  or  onager,  fo  often  mentioned  by  antient  authors,  is 
a  remarkable  inftance.  From  the  filence  of  mod  of  the  mo¬ 
dern  travellers  in  the  Eaft  refpeCting  it,  one  might  almoft  be 
induced  to  conclude  that  the  race  of  this  animal  is  become 
entirely  extindt.  An  evident  caufe  of  this  is,  that  the  Eu- 
ropeans  have  very  little  mtercourfe  with  thofe  diftridts  from 
which  the  Romans  procured  wild  afles  for  breeding  mules. 
As  our  travellers  are  obliged,  for  the  lake  of  fecurity,  to  go 
in  large  caravans  when  they  pafs  through  the  Afsatic  deferts, 
where  thole  animals  refide,  they  can  lee  only  a  very  fmall 
portion  of  the  country.  It  is  therefore  not  furprifing,  that 
animals  noted  for  their  fhynels  and  timidity  fliould  efcape 
their  obfervation.  I  have  been  adured,  in  a  letter  from 
M.  Niebuhr,  the  celebrated  traveller  in  Arabia, that  during  the 
whole  courfe  of  his  travels  he  never  faw  a  wild  afs,-  not  even 
in  Syria,  where,  at  the  time  when  that  country  was  vitited 
by  Rauwolff,  who  ipeaks  of  thefe  animals,  they  muft  not 
have  been  very  uncommon.  Befides  this  old  naturalift,  and 


From  Neue  Nordifche  Beyl)  aye,  by  profeffor  Pallas,  vol.  ii. 
•f  Rau wolf’s  fUife,  Aug/.  1563,  4?©.  p.  05. 
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Pietro  della  Valle*,  I  fcarcely  know  one  traveller  in  the  Eaft 
who  has  fpoken  of  the  onager  from  his  own  ohfervation.  The 
latter  only  mentions  it  in  confequence  of  having  feen  one 
which  was  kept  at  Baflora  as  a  cunohty  ;  and  dearius  f  faw 
fome  wild  affes  in  a  park  in  Peril  a,  where  they  had  been  col¬ 
lected  for  the  pnrpofes  of  hunting.  One  of  the  oldeft  European 
travellers,  who  penetrated  to  thedeferts  of  Great  Tartary,  the 
monk  Rubriquis  J,  fir  ft  makes  mention  of  the  Tartarian 
name  kulan ,  under  which  the  wild-  afs  is  at  prcfent  known 
by  the  wandering  tribes  of  thofe  countries,  in  the  journal 
of  the  two  Englifh  travellers  Ilogg;  and  Thomplon,  p.ublifhed 
by  IIanwav§  in  his  Travels,  mention  is  made  of  whole  herds, 
not  only  of  antelopes  and  wild  horfes,.  but  alio  of  wild  alfcs, 
which  they  met  with  in  the  neighbourhood  of  the  lake  Aral:, 
and  in  the  courfe  of  their  travels  through  the  diftricls  lying  to 
the  call  of  the  Gafpian  fea. 

This  imperfeCf  information  is  almoft  the  whole  of  what  is 
found  in  the  modern  travellers  refpehting  the  exiftence  of  the 
wild  afs  in  Aha,  where  this  animal,  in  the  time  of  the  Ho¬ 
mans,  was  generally  known,  as  far  as  Leffer  Aha,  Syria,  and 
Arabia  |J.  RefpeCf ing  thofe.  in  Africa  our  information  is 
equally  deficient;  and  I  can  adduce  no  other  tefiimony  of 
their  exiftence  in  that  country,  than  what  is  to  be  found  in 
Leo  Afrieanus  and  Alar  mol.  For  thofe  (aid  to  have  exifted 
formerly  in  the  Canaries  in  great  abundance,  were  produced 
from  tame  affes  buffered  to  run  wild,  and  are  now  entirely 
deftroyed  The  cafe  was  the  fame  with  thofe  which,  ac¬ 
cording 

*  Voyage  de  Pietro  della  Valle,  Amfi.  1766,  part  iii.  p.  137,  part  vi, 
,p.  105. 

j-  Olearius  Reife  nach  Perlien,  Scbltfwig  1656,  p.  526.. 

Allgemeine  Gefch.  der  Reifen,  voi.  vii.  b.  17.  c. 

§  Hauway’s  Hiftorical  Account  of  the  Britilh  Trade  on  the  Cafpian 
Sea,  vol.  i.  p.  349. 

j|  Varro  and  Pliny  fpeak  of  the  onager  as  an  animal  very  common  in 
Leffer  Aha.  Xenophon,  S.ietonius,  and  Ammianus  Marcellinus,  give  the 
iame  account  in  regard  to  Mclepotamia,  Perfia,  and  the  kingdom  of  Parthia. 
Tacitus  in  his  account  of  the  Ifraelites  fays,  that  during  their  journey 
through  the  Arabian  defert  under  the  di  rebtion  of  Mofes,  they  often  fol¬ 
lowed  the  wild  affes,  by  which  means  they  were  enabled  to  difeover  fprings'. 
The  Scripture  alio  fpeaks  of  the  wild. afs  as  an  animal  very  common  in  the 
defects  bordering  on  Paletime.  None  of  the  antinnt  authors,  however,  ex¬ 
cept  Oppian,  has  left  us  a  precife  defeription  of  the  onager  ;  but  it  clearly 
appears  from  Oppian,  that  under  this  name  the  antients  undertlood  the  wild 
als  properly  fo  called,  which  1  have  here  delcribed  ;  and,  in  my  opinion, 
none  but  Philoffor-gius  applies  the  above  appellation  to  the  zebra. 

<[f  See  on  this  lubjebt  the  tellimony  of  Aloyfius  Caciamofto  in  the  col- 
leblion  of  Ramutio,  part  i.p.  9 S :  and  what  Glafs  fays,'  in  his  Defeription 
•of  the  Canary  Iflands,  of  the  general  hunting  match  which  the  inhabitants 
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cording  to  Dapper’s  account,  were  found  wild  formerly  ia 
fome  of  the  i  {lands  of  the  Archipelago,  but  of  which,  at  pre¬ 
fect,  no  traces  remain. 

By  the  accounts  which  I  have  received  from  fome  of  the 
wandering  Afiatic  tribes,  and  from  Ruffians  and  Tartars  who, 
efcaped  from  the  flavery  of  thefe  people,  and  alfo  from  Bu- 
charian  merchants  who  had  travelled  with  the  caravans,  it 
appears  certain  that  in  the  difiridts  of  Great  Tartary  there 
are  abundance  of  wild  afifes,  which  thefe  people  call  kulan . 
Thefe  animals  proceed  from  the  fouth  in  innumerable  herds, 
and  fpread  themfelves  in  the  mountainous  naked  deferts  lying 
to  the  north  and  eafl  of  the  lake  Aral,  where  they  feed  during 
the  fummer,  and  in  autumn  unite  in  hundreds,  and  even 
thousands,  in  order  to  feek  for  a  warmer  winter  relidence  in 
the  fouth ern  diftridts  on  the  borders  of  India  and  Perfia. 
From  a  paffage  in  Barboza’s  Travels  *  it  appears  that  thefe 
emigrations  extend  even  to  the  fouthern  parts  of  India  ;  but 
it  is  certain  that  Per  ha  is  the  moft  common  winter  relidence. 
of  the  wild  afs,  and  every  year  they  are  found  in  the  moun¬ 
tainous  diltridls  around  Cafbin.  Refpedting  their  emigra¬ 
tions,  in  the  diftrifils  of  Tartary,  eye-witnefies  have  allured 
me  that  traces  of  large  herds,  from  two  to  three  hundred 
fathoms  in  breadth,  may  be  often  feen  on  the  plains.  But 
as  they  remain  at  a  conliderable  di fiance  from  the  Ruffian 
frontiers,  and  feldom  proceed  northwards  beyond  the  48th 
degree  of  latitude,  it  was  never  poffibie  for  rue,  during  my 
relidence  on  the  borders,  not  with  handing  all  my  exertions, 
to  obtain  a  defeription  of  this  animal  from  the  Kirgifians. 
I  therefore  requeued  profeffor  Gmelin,  whom  on  my  return, 
to  Aftracan  I  found  on  the  eaftern  coafi  of  the  Cafpian  fea, 
ready  to  let  out  on  a  fccond  tour  to  Perfia,  to  procure  all  the 
information  he  could  refpedting  the  lzulan,  and  to  make  us 
at  length  acquainted  with  the  nature  of  the  afs  in  its  wild 
Hate :  but  he  was  not  able  to  obtain  from  the  interpreters  a 
real  wild  kuhn.  We  are,  however,  much  indebted  to  him 
for  two  animals  of  this  kind,  bred  at  Calbin  from  kulan  colts 
which  had  been  caught  wild,  and  which  he  brought  wi^h, 
him  from  Perfia.  The  ingenious  pupil  of  Gmelin,  who  ac¬ 
companied  him  on  his  fecond  tour  to  Perfia,  M.  Hablizl, 
has  given  a  careful  defeription  and  rneafurement  of  the  kulan, 
ftallian  which  died  in  the  courfe  of  the  fea  voyage  to  iiftra- 

of  the  ifland  of  Forfevcntura  were  obliged  to  undertake  on  account  of  the 
great  increafe  or  wild  affes,  and  during  which  1500  of  thefe  animals  were 
deltroyed. 

*  See  the  account  of  Odoard  Barboza  in  Ramujt.c,  part  ii.  p.  300.  where 
wild  alfes  are  mentioned  in  the  mountains  of  Malabar  and  Golconda. 
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can ,  together  with  an  accurate  drawing  of  it.  The  female 
was  brought  alive  to  Peterfburgh,  and  was  delivered  to  me 
with  the  above  defeription ;  and  from  thefe  the  prefent  de- 
feription  of  the  wild  afs  or  onager  of  the  antients  lias  been 
formed. 

The  Perfians  pronounce  the  name  of  the  wild  afs  hirhan , 
as  it  is  written  by  Olearius.  They  call  it  alfo  in  the  Turkifh 
dialedl  dagha-ifehaakiy  or  the  mountain  afs,  becaufe  it  pre¬ 
fers  living  in  the  dried:  and  moil  mountainous  deferts.  Among 
thefe  as  well  as  fome  Tartar  tribes  it  is  an  objedt  of  the  chace, 
and  hunted  in  various  wrays.  The  Kirgilians  lie  in  wait  for 
the  kulan,  and  endeavour  to  (hoot  it  in  order  to  feaft  on  its 
fleili,  for  the  roafted  fleili  of  this  animal  is  one  of  their  dain¬ 
ties  ;  and  indeed  mull  not  be  ill  tailed,  lince  we  learn  from 
Pliny  that  the  fleih  of  the  young  onager  was  much  fought 
after  by  the  Romans*.  On  the  other  hand,  the  Periians 
rather  try  to  catch  the  wild  afs  alive  in  pits  carefully  covered 
fo  as  to  conceal  them,  which  they  dig  in  the  ground;  and, 
that  the  animal  may  not  be  injured,  they  dll  the  pits  to  a 
certain  height  with  hay.  The  animals  are  driven  towards 
the  places  where fuch  pits  have  been  made,  by  a  company  of 
hunters  wRo  afleilible  for  that  delign,  and  the  young  colts 
are  fold  at  a  high  price  to  the  principal  men  of  the  country 
for  the  purpofes  of  breeding.  From  the  wild  colts  caught  in 
this  manner  are  produced  thofe  beautiful  and  adlive  riding 
aides  employed  even  in  Perlta,  and  in  Arabia  and  Egypt,  for 
travelling  through  the  deferts,  and  which  in  the  latter  coun¬ 
tries  are  fold  fometimes  for  7  5  ducats.  According  to  the 
account  transmitted  to  me  by  M.  Niebuhr,  there  are  many 
of  thefe  riding  alfes  which,  in  point  of  colour,  have  a  perfedl 
refemblance  to  the  wild  afs  here  deferibed.  Tavernier  fays 
that,  in  Pertia,  beautiful  fad  die  aides  are  dearer  than  the  bell 
horfes,  and  often  coll  a  hundred  dollars  f.  He  makes  an 
exprefs  dill  in  chi  on  between  them  and  the  common  breed  of 
aides,  which  abound  in  Perfia  as  well  as  in  Bueharia  and 
China,  but  are  employed  only  for  the  draught  and  for  carry¬ 
ing  burdens;  and  from  the  Perfian  cullom  which  he  men¬ 
tions  of  painting  thefe  laddie  aides  red,  which  is  done  alio  in 
Egypt  with  the  karma,  we  may  perhaps  be  able  tp  explain  the 
fabulous  account  given  by  A£lian  of  the  red-headed  onager 

*  Pirn.  Hi/I.  Nat.  lib.  viii.  c,  44:  —  “  The  bed  onagers  are  found  in 
Phrygia  apd  Lycaonia.  The  foals,  as  dainties,  are  known  under  the  name 
lali/iones,  and  come  chiefly  from  Africa. ’’  This  author  fays  foon  after 
(cap.  45.)  that  Mecenas,  at  the  Roman  entertainments,  introduced  the  flefh 
of  young  mules  indead  of  that  foreign  venifon, 

t  Voyage  de  Tavernier,  iiv.iv.  c.  3, 
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in  India;  to  which  he  likewife  adds  a  horn  on  the  forehead 
L,e  Bruyn  and  Adanfon  f  praife  alfo  thefe  riding  afles  pro¬ 
duced  from  wild  affes,  and  they  are  extolled  by  all  oriental 
travellers.  They  poffefs  all  the  good  properties  of  the  wild  race, 
from  which  they  arefprung;  that  beautiful  figure  on  account 
of  which  Martial  gives  to  the  onager  the  epithet  of  pulcher — ■ 
great  agility  and  fleetnefs  in  running.  Betides,  they  are 
highly  valued  becaufe  on  journeys  through  the  defert  coun¬ 
tries  they  hold  out  much  better  than  the  Tartar  horfes,  and 
advance  with  an  uniform  pace  at  a  falter  rate  than  even  the 
camel  J. 

The  die  afs  brought  to  Peterfburgh,  a  reprefentation  of 
which  in  two  portions  is  annexed,  (fee  Plate  II.)  had  not 
attained  to  her  full  growth,  and  in  all  probability  continued 
fo  weakly  becaufe  die  had  been  caught  young  and  badly  taken 
care  of.  She,  however,  was  able  to  perform  the  journey  from 
Aftracan  to  Mofcow,  in  fummer,  which  is  more  than  two 
hundred  German  miles,  continually  trotting  behind  the  pod- 
waggon  without  reding  more  than  two  nights ;  and  though 
die  had  differed  conliderably  by  fometimes  falling  down  and 
being  dragged  behind  the  carriage,  die  bad  diffident  drength, 
after  a  (hort  day  at  Mofcow,  to  travel  two  hundred  miles 
further  to  Peterfburgh  :  when  die  arrived  there,  indeed,  die 
was  exceedingly  meagre  and  in  bad  condition,  and  could 
fcarcely  band  on  her  legs.  She  died  towards  the  beginning 
of  autumn  ;  but  rather  in  confeqnence  of  the  cold,  and  damp- 
nefs  of  the  climate,  together  with  change  of  food  and  the 
means  employed  to  cure  an  eruption,  which  had  broken  out 
on  her  fkin  in  confeqnence  of  being  overheated  on  the  journey. 
Notwith  banding  this  malady,  die  recovered  her  drength  fo  far 
as  to  diow,  in  part,  her  former  agiiity,  and  that  die  poffefi'ed 
properties  very  fuperior  to  common  affes.  But  the  damp- 
nefs  of  autumn  was  evidently  injurious  to  her;  for  when  die 
went  out  into  the  wet  fields  her  hoofs  foon  fplit,  and  at 
length  dropped  from  her  feet. 

All  the  Tartar  tribes  con  fide r  the  wild  afs  as  one  of  the 
fwiftefi  of  animals,  and  unanimoudv  affert,  that  the  deeteb 
of  their  horfes  are  unable  to  keep  pace  with  this  light  and 
Render  animal.  *  We  are  told  by  Xenophon  that  the  wild 

*  iElian.  Hift.  Animal,  lib.  iv.  c.  52. 

f  Le  Bruyn  Reize  over  Mofkoyie  door  Perficn  en  Indien,  p.405: 
.Adanfon  Voyage  au  Senegal,  p  118. 

X  Niebuhr  eftimates  the  diftance  which  a  riding  afs  can  travel  with  an 
uniform  pace  in  half  an  hour  to  be  1750  paces — double  thofe  of  a  man  ; 
whereas  the  largeft  camels  can  travel  only  975,  and  the  dromedary  1500 
at  mod.  See  his  Reize  in  Arabian,  p.  311,  3 

affes 
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■.afles  of  Mefopotamia,  when  hunted,  hopped  fometimes  us  if 
to  take  a  nearer  view  of  their  purfuers,  and  then  fprang  for¬ 
ward  again  with  fuch  velocity,  that  the  beft  horfes  could  not 
overtake  them.  All  the  antient  authors  extol  their  fpeed  in 
running;  and  their  Hebrew  name,  parted,  is  derived  from 
this  property.  As  they  are  fond  of  feeding  on  the  cold  rocky 
hills  and  mountains,  nature  has  endowed  them  with  the 
power  of  going  with  the  greateft  velocity  over  the  roughed: 
ground  and  along  the  narrowed  paths  ;  and  this  property 
has  even  remained  with  the  common  fluggilh  afs,  and  from 
it  has  been  tranfmitted  to  the  mule.  The  fhape  of  the  ani¬ 
mal  ieems  as  if  defined  for  this  purpofe ;  the  body  being 
very  {lender,  while  the  feet  hand  near  to  each  other,  and  the 
fmall  round  hoofs,  which  are  exceedingly  hard,  are  fli a rp  on. 
the  edges. 

As  the  wild  afs  frequents  the  dry  fouthern  diftrkTs,  and 
never  wanders  fo  far  north  as  the  wild  horfe,  herds  of  which 
are  found  under  the  56th  degree  of  latitude,  the  tame  afs 
does  not  thrive  fo  well  in  the  damp  northern  diftiidis  as  the 
horfe ;  and  this,  together  with  want  of  care,  exceflive  labour, 
and  bad  nourifhment,  may  have' oeeafloned  the  degeneration 
of  the  common  afs,  and  brought  this  breed  into  diferedit- 
But  who  judge  of  the  noble  breed  of  our  beft  horfes  from  the 
wretched  animals  in  the  poorer  diltricfs,  which  are  fcarcely 
fo  good  as  affes?  With  proper  care  and  management,  might 
not  as  good  riding  affes  he  bred  in  the  temperate  and  fouthern 
parts  of  Europe,  as  in  the  Eaft  ?  and  might  not.  the  breed  of 
this  animal  be  gradually  improved  as  we  have  improved  the 
horfe,  the  wild  breed  of  which  are  far  inferior  in  fize  and 
beauty?  In  regard  to  the  vicioufnefs  of  the  afs,  and  par¬ 
ticularly  its  obftiuacy,  which  is  inherited  by  the  mule,  it 
appears  to  me  very  probable  that  this  is  owing  to  the  too 
wide  conformation  and  fenfibility  of  the  organs  of  hearing 

t  t  w  #  1  s 

which  nature  has  bellowed  on  the  wild  race,  which,  being 
deftined  to  live  in  extenfive  deferts,  have  need  of  being  able 
to  difeover  danger  at  a  greater  diftance.  The  noife  which 
the  afs  muft  hear  in  the  neighbourhood  of  men  evidently 
ftuns  it;  and,  on  that  account,  it  is  cuftomary  in  England  to 
crop  the  ears  of  the  allies  employed  at  mills,  becauie  it  is 
known  that  by  thefe  means  thev  become  much  more  t rat¬ 
able  and  obedient.  Means  might  ealily  be  difeovered  of 
weakening  their  hearing,  and  accomplifhing  the  fame  end-, 
without  fuch  a  mutilating  operation.  1 

By  improving  the  breed  of  afles,  which,  after  the  example 
-of  the  antients,  might  be  done  fooneft,  and  in  the  moft  enm- 
nlete  manner,  by  introducing  riding  afles  from  the  Levant, 
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or  colts  of  the  wild  breed,  the  breed  of  mules,  fo  ufeful  for 
carrying  burdens,  would  alfo  be  much  improved.  Varro  and 
other  antient  authors,  who  treat  of  agriculture  and  the  breed¬ 
ing  of  cattle,  unanimouily  affert  that,  in  their  time,  the  belt 
mules  were  produced  from  a  mare  and  the  onager,  or  wild  afs. 
The  Perfian  mules,  the  (trength  and  courage  of  which  are 
extolled  by  Le  Bruyn  *,  are  in  all  probability  produced  in  the 
fame  manner,  Thele  qualities,  perhaps,  might  be  obtained  in 
a  higher  degree  if  the  djhiggetai ,  or  great  Mogul  wild  afs, 
which  exceeds  the  onager  in  {ize  and  beauty  f,  and  perhaps 
alfo  in  fleetnefs,  could  be  once  tamed,  and  employed  for  this 
purpoie. 

The  wild  afs,  in  its  habits  and  mode  of  life,  approaches 
near  to  the  djhiggetai  and  wild  horfc.  They  rove  about  in 
herds,  which  coniift  of  young  colts  of  both  fexes,  under  the 
protection  of  a  ftallion.  The  lame  account  is  given  by 
Oppian  and  Pliny,  and  by  thofe  who  have  copied  them, 
JBut  it  appears  that  at  the  periods  of  their  migration  the  ftal¬ 
lion  lays  ahde  his  jealoufy,  and  feveral  herds  then  unite  to¬ 
gether.  The  feafon  of  covering  is  then  pall,  and  the  females 
are  big  with  young;  yet  the  ftallions,  even  then,  are  accuf- 
tomed  to  bite  and  kick  each  other  very  much. 

Their  hearing  and  fight  are  fo  acute,  and  the  weather  is  fo, 
fine,  that  in  the  open  fields  it  is  not  poffible  to  approach 
them.  The  Kirgifians,  therefore,  endeavour  to  conceal  them- 
felves  in  the  diltridts  through  which  they  pals,  or  in  the 
neighbourhood  of  the  fait  lakes,  which  they  frequent ;  but 
the  kill  tins  feldom  drink,  and  often  not  in  the  courfe  of  two 
days.  The  afs  which  I  had  in  my  pofleffion  frequently  ab- 
flained  from  drinking  for  two  days,  and  in  particular  when 
a  heavy  dew,  or  light  fliower  of  rain,  had  fallen.  She  was 

"v  Le  Bruvn  fays  in  his  Travels  above  quoted,  p.  139,  that  in  the  fou th¬ 
em  parts  of  Perfia  there  are  mules  which,  from  natural  inftinbt,  like  fome 
Jfpifited  bodes,  and  the  ftallions  among  the  wild  horfes,  attack  bears  and 
other  ravenous  animals  with  great  courage,  and  knock  them  down  with 
their  fore-feet.  The  unfortunate  fw.ne,  which  in  thefe  di  drifts  are  black, 
and  covered  with  very  rough  bridles.,  fall  fometimes  a  facriiice  rythis  im- 
puifeof  the  mules,  which  are  not  always  able  to  diftinguilh  them  from  dan¬ 
gerous  animals.  A  circumftance  of  a  fimilar  kind  is  mentioned  by  Varro, 
lib.  ii.  c.  8  : — “  I  once  law  the  horfe  of  a  Calmuc  Tartar,  while  the  rider 
was  on  his  back,  mill  into  a  held  and  kill  a  breeding  buftard,  which  he, 
no  doubt,  took  for  fome  lavage  animal.”  This  kind  of  in  ft  in  ft  feems  to 
be  common  alfo  to  the  wild  affcs,  which,  according  to  the  account  given 
by  the  Kirgihans,  attack  wild  animals  in  a  body.  When  one  of  them  ob- 
ferves  a  fnake,  it  immediately  gives  the  fignal  by  a  loud  cry;  upon  which 
ali  the  red  affemble,  and  each  of  them  tries  which  IhaJl  fir  id  deftroy  the 
dangerous  reptile.  They  do  the  fame  in  regard  to  fuch  ravenous  animals 
as  they  are  able  to  overcome;  but  the  tiger  is  too  much  for  them. 

d;  For  a  deferi prior,  of  this  animal  fee  Philofophical  Magazine,  vol.  ii. 
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fonder  of  faline  than  of  frefti  water  5  but  fhe  would  never 
touch  any  that  was  mixed  with  bran,  or  that  was  turbid. 
Bread  rubbed  over  with  fait  feemed  very  grateful  to  her;  and 
fhe  would  often  eat  whole  handfuls  of  fait.  Mr.  HablizI  faid> 
that  while  he  kept  her  at  Derbent,  die  ufed  always  to  run  to 
the  Cafpian  fea  to  drink,  though  (lie  could  have  found  frefh. 
water  much  nearer.  Plants  which  contained  faline  particles, 
fuch  as  the  different  kinds  of  kali,  or  the  foda  plant,  goofe-foot, 
and  plantain,  were  molt  agreeable  to  her;  and  next  to  thefe, 
bitter  milky  plants,  fuch  as  dandelion,  the  fow-thiftle,  and  the 
like;  and  after  thefe,  the  different  kinds  of  clover,  lucerii,  all 
leguminous  plants,  efpecially  when  given  her  with  the  grain, 
and  dog’s  grafs.  She  was  fond  alfo  of  green  cucumbers;  ana 
fome  vegetables,  fuch  as  different  kinds  of  pulfe,  which  die 
did  not  reltfh  when  green,  die  ate  readily  when  dried.  On 
the  other  hand,  fhe  had  an  aver  ft  on  to  all  fweet-fmelling  bal- 
famic  plants  which  are  eaten  by  the  tame  afs,  fuch  as  mud- 
wort,  ranunculus,  nettles,  and  all  hard  and  prickly  plants, 
and  even  thiftles,  In  Perfia,  the  young  kulan  colts,  when 
caught,  are  firff  tamed  by  feeding  them  with  rice,  oats,  whea£ 
draw,  and  bread.  The  wild  afs  eats  with  great  avidity  a  plant; 
yery  common  in  the  fouthern  part  of  Tartary,  and  to  which 
the  Buchanans  give  the  name  of  h'urogcin. 

The  afs  I  here  fpeak  of  was  exceedingly  tame,  and,  like  a 
dog,  followed  without  any  compulfion  thofe  who  fed  her  and 
gave  her  drink.  She  could  he  made  go  any  where  merely 
by  the  finely  of  bread ;  but  if  any  one  attempted  to  lead  her 
by  a  halter,  contrary  to  her  inclination,  fhe  thowed  as  much 
obftinacy  as  a  mule.  She  would  not  fuffer  any  one  to  ffanri 
behind  her;  and  when  touched  with  the  hand  or  a  Rick  on. 
the  back  or  thighs  fhe  threw  out  her  heels,  with  a  loud  fnort- 
ing,  like  that  emitted  by  a  ftallion  when  he  kicks. 

The  male  which  died  on  the  journey  from  Perfia  wras 
much  larger.  According  to  Mr.  Hablizl’s  meafurgment,  his 
length  from  the  ears  to  the  rump  was  4  feet  iqI-  inches;  the 
height  before,  4  feet  2  inches  8  lines  ;  behind,  4  feet  6  inches 
6  lines ;  the  length  of  the  head  2  feet ;  of  the  ears,  ii^ inches; 
and  the  tail,  with  the  bulb  at  the  extremity,  2  feet  i1  inch. 
The  length  of  the  female,  however,  was  only  3  feet  jq  inches; 
the  height  before,  3  feet  4  inches  8  lines ;  behind,  3  feet 
b  inches  ;  length  of  the  head,  1  foot  6  inches  ;  the  tail, 
ior  inches  ;  the  bulb  at  the  end  of  the  tail,  8  inches  3  lines; 
the  ears,  7  inches  5  lines;  and  fhe  weighed,  when  the  bowrels 
were  taken  out,  only  about  165  pounds  apothecaries  weight. 
The  male  was 
limbs,  hreaff, 
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alio  much  more  Itrongly  made  m  the  neck, 
and  rump ;  and  wras  diftinguilhed  from  the 

female 
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female  by  a  fmall  ft, ripe  over  the  fhoulde'rs  crofting  that  on 
the  back,  which  was  wanting  in  the  female,  the  latter  having 
only  the  ftripe  on  the  back.  This  crofs  is  much  more  com¬ 
mon  among  the  tame  alies,  and  is  obfcrved,  in  particular,  on 
thofe  which  are  of  a  bright  colour.  The  Kirgifians  fav,  that 
among  the  wild  aftes  the  crofs  ftripe  is  found  fometimes 
double. 

The  onager  is  much  taller  and  finer  limbed  than  the  com¬ 
mon  afs.  The  female  in  my  polfeffion  was  lo  narrow  in  the 
cheft  and  rump,  that  behind  (he  had  the  appearance  of  a 
young  filly,  as  may  be  feen  in  the  plate.  Like  young  fillies, 
aifo,  flic  could  fcratch  her  head  and  neck  with  the  hind  foot, 
which  a  full  grown  horfe  cannot  do.  On  the  fore-legs  fine 
appeared  very  weak;  but  fire  could  carry  on  her  back  the 
heaviest  man,  and  even  run  with  him.  She  always  held  her 
head  erect,  in  a  more  graceful  manner  than  the  common  afs  ; 
kept  her  ears  always  upright,  even  during  illnefs;  and  m  all 
her  motions  ftiowed  great  ability. 

o  o  _/■  ,  •- 

The  head  of  the  onager  is  higher  and  larger  than  that  of 
the  d/higget  i,  and  yet  I  found  the  fkull,  when  cleaned,  to 
be  remarkably  light.  The  head  is' much  bent,  like  that  of  a 
ram:  the  fore-part  between  the  eyes  is  flat;  but  above  the 
eye-fockets,  which  are  as  ftrong  as  thofe  of  old  horfes,  it  is 
elevated  in  a  flattifli  round  form.  The  lips  are  very  thick, 
and  to  the  very  edges  clofely  covered  with  Riff  hair  like  brifo 
ties,  which  towards  the  round  part  of  the  mouth  lie  crooked. 
The  noftrils  do  not  form  that  exerefoenee-like  elevation  which 
is  peculiar  to  the  djhiggeti.  u  The  pupil  of  the  eye  is  yellowifli 
brown.  The  ears  at  the  points  are  quite  black,  covered  on 
the  mfide  with  curled  hairs  that  crofs  each  other,  which  grow 
partly  on  both  edges  of  the  ear,  and  partly  on  three  ridges 
which  run  alono;  the  hollow  of  the  ear  length  wife. 

The  colour  on  the  muzzle  and  the  greater  part  of  the  body 
is  a  beautiful  white,  with  a  kind  of  lilvery  appearance;  but 
the  upper  part  of  the  head,  the  tides  of  the  neck,  and  the 
rump,  are  of  a  pale  ifabella  colour.  This  colour  does  not 
extend  along  the  fore-thighs;  it  however  covers  the  haunches; 
although  on  the  tides  of  the  belly  a  white  fpace,  of  about  a 
hand  breadth,  feparates  the  colour  of  the  belly  from  tbat-of 
the  thighs :  a  white  band,  alfo,  runs  along  each  title  of  the 
ftripe  on  the  hack,  and  unites  itfelf  to  the  white  part  of  the. 
lower  belly.  Oppian  has  exprefled  very  accurately  this  white 
reparation,  in  his  poetical  defeription  of  the  onager.  The 
mane,  which  is  blackifh  brown,  begins  between  the  cars  and 
extends  to  the  thoulders ;  it  confifts  of  foft  woolly  hair  front 
three  to  four  inches  in  length,  and  Hands  eredt  exadlly  as  la 
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newly-foaled  horfes.  The  ftripe  on  the  back  begins  at:  the 
mane,  and  ends  at  the  commencement  of  the  tail  :  it  is  almoft 
of  a  coffee-brown  colour,  broader  towards  the  os  ficrum > 
pointed  towards  the  tail,  and  every  where  covered,  even  in 
iummer,  when  the  animal  is  almoft:  perfectly  fmooth,  with 
thick  matted  hair,  which  feems  very  different  from  the 
reft.  The  hair  which  forms  the  bufti  at  the  end  of  the  tail  is 
almoft  as  ftrong  as  that  of  the  mane  of  the  horfe,  and  a  full 
fpan  in  length. 

The  fort  of  fear  in  the  inner  fide  of  the  fore-feet,  which  in 
the  common  afs  is  round,  I  found  in  the  wild  afs  to  be 
longifh,  but  not  perfectly  oval.  The  hoofs  of  all  the  four 
feet  have  in  the  place  of  the  fpur  an  elevation  covered  with 
a  horny  fkin.  The  hoofs  are  almoft  round,  and  have  deep 
cavities  on  the  foies. 

The  hair  of  the  onager,  and  particularly  in  the  winter, 
is  much  filkier  and  fofter  than  that  of  the  horfe:  it  may  be 
compared  to  the  heft  camel’s  hair.  The  winter  wool  is 
matted,  has  an  oily  touch,  and  where  the  ifabella  colour  pre¬ 
vails,  that  colour  is  much  paler,  a  few  places  excepted,  where 
it  is  (haded  in  a  different  direction,  and  particularly  according 
to  the  lines  expreffed  in  the  figure. 

In  the  onager  I  counted  only  fixteen  articulations  of  the  tail ; 
the  others  were  in  number  equal  to  thofeof  the  common  afs. 
It  had  only  thirty-two  teeth,  viz.  in  each  jaw  fix  grinders 
very  much  ufed,  and  in  each  fide  row  five  cheek-teeth.  In 
the  interior  parts  I  could  obferve  no  further  difference  be¬ 
tween  them  and  thofe  of  the  common  afs  than  are  often  to 
be  found  in  animals  of  the  fame  fp’ecies.  In  the  great  gut  I 
found  very  large  worms  ( afea ris  p ol  Hear  is ) ,  fueh  as  are  fre¬ 
quently  found  in  horfes  ; .  and  here  and  there  in  the  fmall 
guts  forne  afearides,  fmaller  than  thofe  common  in  man. 
Thofe  writers  alffo  who  afiert  that  the  afs  is  never  infefted  by- 
external  vermin,  muft  not  extend  this  obfervation  to  the 
wild  afs;  for  the  one  here  described  was  fo  covered  with  a 
fort  of  fmall  lice,  that  the  hair  feemed  as  if  ftrewed  over  with 
them. 

I  have  already  faid  that  the  Kirgi  flans  prefer  the  ftefii  of 
the  kulan  to  all  other  game,  and  even  to  that  of  their  young 
horfes,  of  which  they  are  lo  fond.  The  fame  tafte  feems  to 
prevail  among  the  Arabs*;  and  the  writers  of  that  nation,  in 
regard  to  this  food,  make  the  fame  diftimffion  between  the 
wild  and  tame  afs  as  the  Hebrews  made  between  both  ani- 

*  See  Boc'iart’s  Hierozotcon,  lib.iii.  c.  16  ;  and  Forlkal’s  Obfcr'vat.Zcolog. 
p-  5.  where  the  onager  is  mentioned  under  the  Arabian  name  djaar. 
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hials ;  and  they  confider  it  unlawful  to  mix  the  onager  with 
the  tame  afs,  as  they  do  all  mixed  breeds  of  other  animals. 
The  thin  of  the  wild  afs  is  highly  valued  by  the  Bucharians 
for  making  fhagreen.  Rauwolf  fays  the  fame  thing  of  the 
Syrian  wild  afs*  the  fkins  of  which  are  brought  to  Tripoli  for 
fale.  Tbofe,  however,  who  have  hitherto  believed  that  thei 
fkin  of  the  wild  afs  is  grained  of  itfelf,  and  like  a  natural  kind 
of  fhagreen,  or  that  fhagreen  can  he  made  of  no  other  Ikht 
than  that  of  the  wild  afs,  are  much  miltaken  ;  yet  this  er¬ 
roneous  opinion  is  to  be  found  in  fome  modern  writers,  and 
has  been  adopted  even  by  Buffon.  As  I  had  an  opportunity 
at  Aftracan  of  feeing  the  procefs  ufed  for  the  preparation  of 
the  fine  fhagreen,  in  order  to  deftroy  this  falfe  idea  I  gave  a 
defcription  of  it  in  a  former  volume  of  this  work  x.  The 
Bucharians,  however,  convert  whole  fkins  of  the  wild  afs 
into  a  kind  of  coarfe  black  fhagreen,  of  which  they  make 
boots  of  a  fingular  form,  but  remarkably  durable,  and  having 
the  foies  entirely  covered  with  nails  :  thefe  boots  are  ufed  alfo 
by  the  Kirgifians,  and  purchafed  at  a  high  price :  the  fine 
fhagreen,  on  the  other  hand,  is  made  chiefly  in  Perfia,  and 
from  a  particular  part  of  the  hides  of  horles.  Refpedting  the 
ftones  found  in  the  wild  affes,  and  of  which  Bauhin,  in  his 
Batin  Treatife  on  the  'Bezoar,  diftinguifhes  two  kinds,  I 
can  fay  nothing:  they  are  the  hones,  perhaps,  found  in 
the  common  als  or  mules,  which,  in  order  to  give  them 
greater  importance,  are  pretended  to  be  tbofe  of  the  above 
animal,  in  the  fame  manner  as  (tones  cut  from  horfes  are 
brought  from  Perfia  and  India  under  the  name  of  Gar- 
man  del  or  Coromandel  bezoar.  I  (hall  pafs  over  in  filence 
all  the  fables  related  of  the  onager  which  may  be  found  in 
Gefner,  Aldrovandi,  and  Bochart.  The  miftake  of  fome 
modern  writers,  who  confidcr  the  onager  of  the  antients  as 
the  zebra,  or  vvho  have  confounded  it  with  the  d/higgetai $  is 
unworthy  of  refutation.  To  be  fully  convinced  that  the  wild 
afs  here  deferibed  is  beyond  all  doubt  the  onager  of  the  atl- 
tients,  nothing  will  be  neceffarv  but  to  compare  this  defcrip¬ 
tion  with  tbofe  of  Opplan  and  other  writers ;  and  with  the 
palfage  of  Luitprand,  bifhop  of  Cremona,  o^ioted  by  Bocharu 

*  For  this  defcription  fee  Philosophical  Magazine,  vol-  vi. 
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XIII.  Account  of  fome  Improvements  on  Water -Wheels.  Bf 
Mr.  Robertson  Buchanan,  Engineer ,  Glafgow. 

To  Mr.  Tilled  * 

DEAR  SIR,  Glafgow,  C£h 20,  1  Sor. 

corn  mill  in  which  I  had  an  intercft  having  had 
shout  two  feet  of  its  fall  unoccupied,  owing  to  the  overfhot 
X'vheel  having  been  too  final!  in  diameter,  I  was  defirous  to 
apply  this  unoccupied  part  of  the  fall  in  fome  way  to  increafe 
the  power  of  the  mill.  Thinking  over  various  expedients  for 
this  purpofe,  in  February  1798  an  idea  of  a  water-wheel  oc¬ 
curred  to  me,  which  I  thought  might  be  applied  with  great 
advantage  not  only  to  the  fituation  I  had  in  view,  but  in  all 
other  cafes  of  low  falls.  Some  circum (lance,  however,  pre¬ 
vented  me  at  the  time  from  putting  it  in  practice;  but  I  had 
afterwards,  at  different  times,  two  models  of  it  made ;  and  in 
November  1799  llP  the  accompanying  defcription  of  it  to 
■  ^  *  f  ,  f  f  1  u  d  yer-ftreet,  requeuing  him  to 

gne  it  to  the  public.  Upon  fome  after  reflection,  however, 
conceived  it  heft,  for  fome  time,  to  delay  its  publication  5 
and  aceoruinglv  till  now  have  allowed  it  to  lie  dormant. 

Soon  after  finifliing  the  drawing  referred  to  in  the  de¬ 
scription,  I  thought  the  particular  form  of  buckets  there  re- 
pi  domed  might  be  a  little  altered,  fo  as  to  make  them  flill 
more  advantageoufly  contain  the  water.  Upon  fhowino-  the 
alteration  I  propofea  to  my  ingenious  friend  Mr.  John&Ro- 
b e r  1  on  of  this  place,  lie  w’as  at  conflderable  pains  to  invef- 
ligate  tile  iubjed:,  and  pointed  out  the  form  of  buckets  re- 
pretented  in  fig.  3. 

Allow  me  further  to  direft  your  attention  to  the  conftruc- 
tion  or  the  arms  fhown  in  the  figures.  It  is  applicable  to 
any  kniL  of  water-wheel ;  and  fince  1790,  when  I  firft  con¬ 
it  ructed  a  wheel  with  arms  on  that  principle,  a  conflderable 
number  of  large  wheels  have,  in  Scotland,  been  ere&ed  on 

t  iat  plan.  I  fhall  annex  a  ihort  defcription  of  this  conftruc- 
lion  of  arms.  « 

I  remain, 

Dear  Sir,  yours, 

Robertson  Buchanan, 

Copy  of  the  Defcription  fent  to  Mr.  MundelL 

It  has  been  afeertained,  from  the  mod  accurate  experi- 
ments  on  water-wheels,  that  under  the  fame  circumftances 

an 
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an  overfhot  produces  about  double  the  effedt  of  an  underfhot 
wheel. 

Hence  it  is  obvious,  that  where  water  can  be  made  to  adt 
on  a  wheel  by  weight,  it  is  much  more  effectual  than  when 
the  fame  water  is  made  to  adt  by  impulfe. 

But  where  the  fall  is  lefs  than  about  half  the  diameter  of 
a  wheel  with  buckets  made  in  the  ufual  form,  the  difficulty 
of  filling  them,  and  the  fhort  time  they  are  able  to  retain  the 
water,  are  fueh  great  defects,  that  in  fuch  cafes  wheels  with 
open  float  boards,  on  which  the  water  acts  partly  or  altoge¬ 
ther  by  its  impulfe,  have  been  found  in  practice  to  be  more 
advantageous. 

It  occurred  to  me  however,  that,  by  adopting  another  form 
of  the  buckets,  they  might  be  fo  made  as  to  be  eafily  filled* 
and  at  the  fame  time  capable  of  retaining  the  water  in  a  fitua- 
tion  to  produce  nearly  its  full  effedl,  altogether  by  weight,  on 
a  low  fall. 

A  wheel  of  the  conftrudtion  I  mean  is  reprefented  in  the 
figures.  Contrary  to  the  ufual  pradlice,  the  water  mu  ft  here 
be  poured  into  the  buckets  from  within  the  fhrouding*. 

How  the  filling  of  the  buckets  from  within  can  be  accom- 
pliffied,  may  not  at  firft  be  obvious;  but  a  flight  infpedtion 
of  the  figure  will  (how  that  it  may  be  done  without  the  pen- 
flock  interfering  with  the  arms  of  the  wheel. 

The  buckets  in  the  figure  empty  themfeives  by  means  of 
apertures  the  whole  length  of  the  buckets,  but  no  wider  than 
juft  fufficient  to  difcharge  the  water  before  they  begin  to 
afcend. 

References  to  the  Figures. 

Fig.  i.  (Plate  III.)  elevation  of  the  water  wheel. 

A,  A,  the  penftock. 

From  B  to  C  a  part  of  the  wheel  is  reprefented  with  the 
fhrouding  removed,  to  fliow  the  form  of  the  buckets  and  the 
fituation  of  the  water  in  them. 

a  a  a  the  apertures  by  which  the  water  efeapes  from  the 
buckets. 

Fig.  2.  horizontal  feclion  of  the  wheel,  and  plan  of  the 
penftock. 

b  the  aperture  by  which  the  water  enters  from  the  pen- 
flock  to  the  buckets. 

Robertson  Buchanan. 

Rothefay,  Nov.  9,  1799. 

The  fhrouding  is  a  flat  ring,  generally  of  wood,  of  the  diameter  of  the 
wheel,  ferving  to  form  the  ends  of  the  buckets,  or  to  connebt  the  floats, 
tjxpreffed  by  the  letter  B,  (Plate  III.) 
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Defcription  of  the  Conjlru&ion  of  the  Arms . 

Fig.  i.  and  2.  It  is  evident  that  arms,  as  commonly  fixed 
in  mortifed  {hafts,  aye  weakefl  in  one  diredtion,  and  that 
commonly  the  direction  of  the  ftrain.  To  remedy  this  de¬ 
fect;,  the  feather-pieces  FF  are  applied  all  round,  having  their 
broadeft  ends  towards  the  centre  of  the  wheel,  and  being  at 
right  angles  to  the  breadth  of  the  principal  arms.  In  order 
to  unite  them  firmly  to  the  principal  arms,  and  conned!  the 
whole  more  firmly,  a  ring  of  iron,  R,  is  applied  on  each  Tides 
blocks  of  wood,  W,  put  in  the  vacant  fpace  between,  and  the 
keys  K  K,  bring  the  whole  home  to  the  {haft. 

N.  B.  In  fome  cafes  it  may  be  eafieft  to  introduce  the 
water  in  the  direction  XY,  as  it  was  in  one  of  the  models, 
inftead  of  that  on  the  (haded  part  of  the  plan. 


XIV.  Proceedings  of  Learned  Societies. 

* 

ROYAL  ACADEMY  OF  SCIENCES  AT  BERLIN. 

On  the  6th  of  June  the  academy  held  a  public  fitting  to 
celebrate  the  anniverfary  of  the  king’s  birth-day. 

Prize  Que/lions. 

The  Phyfieal  Clafs  had  propofed  the  following  queftion  for 
the  year  1801  : 

Has  eledlricity  any  influence  on  matters  which  ferment? 
If  it  has,  what  is  its  adlion  ?  Is  it  favourable  to  fermenta¬ 
tion,  or  does  it  prevent  it?  Does  it  produce  changes  in  the 
products  of  fermentation  ?  What  advantages  may  be  de¬ 
rived  from  the  development  of  this  matter  to  improve  the  art 
of  making  wine  ;  and  thofe  of  brewing,  making  vinegar,  and 
diftilling  fpirits  ?”  , 

But  as  it  received  only  one  memoir  on  the  fubjedl,  which 
was  not  fatisfadlory,  the  clafs  propofes  the  fame  quefiion  for 
the  year  1803,  with  this  exprefs  condition,  that  ££  thofe  who 
attempt  to  anfwer  it,  will  do  fo  by  a  feries  of  effays  and  expe¬ 
riments  calculated  to  produce  evident  and  certain  refill fs.” 

The  Philofophical  Clafs  propofed  for  the  year  1803  : 

((  Can  a  moral  appreciation  of  adlions  be  taken  into  confi- 
deration  in. the  eftablifhment  and  application  of  penal  laws? 
and,  if  it  can,  to  what  extent  ?” 

The  Clafs  of  the  Belles  Lettres  again  propofed  the  follow¬ 
ing  queftion  for  1803  : 

On  the  Goths  and  Gothicifm. 

6i  1.  Among  the  nations  who  contributed  to  haften  the 

Vgl.XI.  F  downfall 
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downfall  of  the  Roman  empire,  did  the  Goths  tfiSlingurfh 
themfelves  above  others  by  any  peculiar  qualities  in  regard 
to  their  conftitution,  their  laws,  cuftoms^  and  ufages  3  or* 
more  particularly,  in  regard  to  their  literature  and  arts  ? 

“2.  Are  not  the  terms  Gothic  and  Gothicifm  denomina¬ 
tions  created  at  pofterior  periods  to  denote  the  State  in  which 
the  fciences,  letters  and  arts  were,  after  the  decline  of  the 
Roman  empire,  and  during  the  middle  ages  ? 

((  3.  If  this  be  the  cafe,  at  what  period  did  thefe  terms 
begin  to  be  ufed  in  this  more  general  acceptation  ?” 

The  Mathematical  Clafs  has  alfo  repeated,  for  1802,  the 
following  question,  with  a  double  prize  : 

6:  As  there  Still  remain,  notwithstanding  the  labours  of  the 
ableSt  aStronomcrs,  feveral  points  to  be  cleared  up  in  regard 
to  the  variation  of  the  obliquity  of  the  ecliptic,  the  academy 
invites  the  learned  to  employ  themfelves  again  on  this  object, 
and  will  adjudge  the  prize  to  that  memoir  which  Shall  con¬ 
tain  the  molt  interelling  refearches  and  the  moft  important 
ill  nitrations  of  this  point. 

u  It  invites  the  learned  of  all  countries,  except  the  ordi¬ 
nary  members  of  the  academy,  to  turn  their  attention  to 
thefe  queltions.  The  prize,  which  conlilts  of  a  gold  medal 
of  the  weight  of  fifty  ducats,  will  be  adjudged  to  thofe  who, 
in  the  opinion  of  the  academy,  Shall  have  given  the  beft  an- 
fwer.  The  papers,  written  in  a  legible  hand,  mull  be  ad- 
drefled  (poll;  paid)  to  the  perpetual  Secretary  of  the  academy, 
Thofe  which,  in  the  opinion  of  the  academy,  have  not  Suffi¬ 
cient  merit  to  be  entitled  to  the  prize,  cannot  be  returned  to 
the  authors,  as  the  originals  mull  be  depolited  among  the 
archives  of  the  academy  :  all  thofe,  therefore,  who  tranfmit 
memoirs  as  candidates  for  the  prize,  are  requested  to  take 
copies  oS  them  before  they  tranfmit  them  to  the  academy. 

c<:  The  term  for  receiving  the  memoirs  is  fixed  at  the  ill  pf 
May  of  the  above  years,  after  which  period  none  can  be  re¬ 
ceived,  whatever  realon  may  be  aliigned  for  the  delay.” 

FRENCH  NATIONAL  INSTITUTE. 

In  the  public  fitting  of  the  Inftitute  on  the  7th  of  October, 
the  following  papers  were  read  : 

An  account  of  the  obfervations  made  on  the  perpendicular 
chains  (plumb  lines)  fufpended  from  the  dome  of  the  Pan¬ 
theon,  the  objedl  of  which  is  to  afeertain  whether  any  warp-' 
ing  has  taken  place  in  that  edifice :  by  C.  Pronv  5 

On  that  kind  of  pavement  called  by  the  Greeks  UtboJlratay 
and  by  the  moderns  niofaic:  by  C.  Gibelin; 

Air 
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An  hiftorical  account  of  the  life  and  fervices  of  IT.  F.  Gil¬ 
bert  :  by  C.  Cuvier ; 

On  public  fpirit :  by  Toulongeon. 

The  following  notice  of  the  labours  of  the  Clafs  of  Litera¬ 
ture  and  the  Fine  Arts  was  read  by  C.  Villars : 

Antiquities . 

The  names  of  two  celebrated  cities,,  Herculaneum*  and 
Pompeii  t?  have  often  inflamed  with  a  noble  emulation  the 
amateurs  of  antiquities  and  antient  monuments.  Hitherto 
the  total  difappearance  of  thefe  two  cities  has  been  aferibed 
to  the  famous  eruption  of  Vefuvius  in  the  firft  year  of  the 
reign  of  Titus,  and  the  79th  of  the  Chriftian  aera.  Accord¬ 
ing  to  the  obfervations  of  C.  Du  Theil,  this  epoch  is  not  cer¬ 
tain;  for  thefe  two  cities  rofe  again  from  their  ruins  under 
the  reign  of  that  prince ;  and  they  (till  exifted,  with  fome 
remains  of  fplendour,  under  Hadrian.  The  beautiful  cha¬ 
racters  of  the  infcription  traced  out  on  the  bafe  of  the  equef- 
trian  ftatue  of  M.  Nonius  Balbus,  fon  of  Marcus,  are  an 
evident  proof  of  its  exiftence  at  that  period.  They  were  found 
under  the  reign  of  the  Antonines ;  for  the  account  of  Tii- 
malchio’s  feaft,  in  the  fatirical  romance  aferibed  to  Petronius 
Arbiter,  furnifhes  feveral  evidences  of  the  exiftence  of  Pompeii, 
and  of  fome  of  the  edifices  of  Herculaneum,  under  the  laft  of 
thefe  princes.  In  the  geographical  monument  known  under 
the  name  of  Peutinger’s  chart,  which  is  of  a  date  pofterior  to 
the  reign  of  Conftantine,  that  is  to  fay,  in  the  commence¬ 
ment  of  the  fourth  century,  Herculaneum  and  Pompeii  were 
ftill  handing,  arid  then  inhabited;  but  in  the  Itinerary  im¬ 
properly  aferibed  to  Antoninus,  neither  of  thefe  two  cities  is 
noticed;  from  which  it  may  be  conjectured,  with  fome  de¬ 
gree  of  foundation,  that  the  entire  ruin  of  Herculaneum  and 
Pompeii  muft  have  taken  place  in  that  interval,  between  the 
time  when  Peutinger’s  chart  was  conftruCted  and  that  when 
the  above  Itinerary  was  compofed. 

The  eruption  which  took  place  in  471  occafioned  the  moft 

*  Herculatrum,  otherwise  Herculanium,  Herculaneum,  Herculeum,  an 
antient  city  of  Italy  in  Campania,  on  the  tea  coalf,  opposite  to  Vefuvius. 
V tin.  lib.  iii.  c.  5.  places  it  between  Naples  and  Pompeii.  Paterculus , 
iib,  ii.  c.  6.  as  well  as  F torus ,  lib.  i.  c-  6.  fays  that  it  was  conquered  by  the 
Romans  during  the  war  of  the  allies. 

f  Pompeii,  in  Campania,  four  miles  from  Naples  towards  the  eaft.  Under 
the  alhes  of  Vefuvius  was  difeovered  the  village  called  'Torre  del  Greco — - 
the  Greek  tower.  It  is  generally  fuppofed  that  the  city  of  Pompeii  was 
buried  in  that  fpot. 

F  2,  dreadful 
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dreadful  ravages.  If  we  can  give  credit  to  Marcellihiis,  the 
allies  thrown  up  by  Vefuvius  covered  all  Europe.  They  were 
carried  as  far  as  Con  ftan  lino  pie  ;  where,  according  to  our  chro¬ 
nicler,  an  anniverfary  fedival  was  indituted  in  remembrance 
of  this  ft  range  phenomenon.  It  is  very  probable  that  the  ' 
cities  of  Herculaneum  and  Pompeii  disappeared  at  that  pe-J- 
riod,  and  that  no  more  traces  of  them  were  left.  This  con¬ 
jecture  is  Supported  bv  a  letter  written  by  Caffiodorus  in  the 
name  ofTheodoric,  who  reigned  between  493  and  5 26.  On 
this  authority  C.  Du  Theil  is  inclined  to  think  that,  after 
the  fatal  eruption  of  471,  fuch  of  the  inhabitants  of  Pom¬ 
peii  as  had  the  good  fortune  to  efcape  alive,  retired  to  Nola 
in  Campania,  and  that  thofe  who  efcaped  from  Hercula¬ 
neum  took  Shelter  at  Naples.  The  quarter  where  the  latter 
edablifhed  themfeives  was  detached  from  the  other  parts  of 
the  city. 

This  may  ferve  to  explain  the  denomination  Regio  Hercu- 
lanenjium ,  or  the  quarter  of  the  Herculaneans,  which  has 
been  obferved  on  Several  monuments  of  ftotie  dug  up  at  Na¬ 
ples,  and  alio  in  Several  inicriptions,  which  have  been  col- 
feChed  and  publiihed  by  learned  Neapolitan  antiquaries. 

After  Du  Theil  had  read  this  memoir,  he  communicated  a 
notice  refpeHing  Some  objects  of  antiquity  lately  found  near 
the  Small  town  of  Azai-le-Nideau,  on  the  left  bank  of  the 
Indre.  The  account  of  them  was  transmitted  to  him  by 
C.  Biencourt.  Some  workmen,  when  digging  a  ditch,  dii- 
eovered  a  coffin  containing  a  young  child,  as  was  concluded 
from  its  teeth,  cranium,  and  rjbs ;  but  the  red  had  fullered  So 
much  from  the  injuries  of  time,  that  it  fell  into  dud  when 
expofed  to  the  air.  At  the  fide  of  this  body  were  the  follow¬ 
ing  objeCts  : — t  .  Two  poniards,  one  of  iron,  the  other  of  ivory, 
half  dedroyed  :  2.  A  gold  bulla  ihaped  like  an  acorn — a  badge 
worn  by  the  children  of  Roman  patrician  families  :  3.  A  Small 
jafper  ring  Set  in  gold,  on  which  are  engraven  two  veiled 
figures:  4.  A  ring  entirely  of  rock  cryftal.  It  has  engraven 
on  it  two  rams  yoked  to  a  ear:  a  Small  Cupid  fitting  in  the 
car  urges  them  on  full  Speed.  This  engraving  difplays  much 
grace  and  Spirit.  5.  A  cryfial  ring  imitating  a  row  of  pearls 
Surmounted  with  a  fhell :  6.  A  prifm  of  twenty  planes,  of 
rock  crydal,  very  regularly  cut :  7.  Four  lachrymatories  of 
glafs :  8„  Several  figures  Sculptured  in  ivory,  and  almod  de¬ 
composed  :  9.  A  young  Cupid  alfd  of  ivory,  pretty  well  pul¬ 
verized.  In  the  fame  tomb  were  found  leveral  works  com- 
pofed  of  refinous  iubdances,  which  time  Seems  to  have  re- 
fpedted.  1.  A  lion  holding  under  his  paws  a  dog,  the  head 
3  of 
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t>f  which  he  is  devouring :  2.  Another  piece  of  fculpture  re- 
prefenting  a  car  drawn  by  an  old  goat.  A  Cupid  fitting  in 
the  car  makes  a  figh  to  the  goat  to  advance,  and  threatens 
him  with  a  whip  which  he  holds  in  his  hand.  Before  the 
car  a  young  woman  is  feated  without  veftments,  and  behind 
it  is  .an  old  man  clothed  in  a  long  robe.  This  piece  (hows  a 
great  deal  of  expreffion.  3.  A  filver  cup,  the  bottom  of 
which  is  oxidated  :  rings  and  broaches  of  metal,  on  which 
are  filed  refinous  perfumes.  The  defeription  of  thefe  articles, 
which  C.  Biencourt  will  foon  tranfmit  to  the  Inftitute,  mull 
be  highly  interefting  to  artifts  and  antiquaries. 

C.  Mongc.z,  always  employed  in  refearches  refpeHing  the 
coftume  of  the  antients,  has  been  endeavouring  to  difcover 
and  defcribe  the  different  fubftances  which  they  employed 
for  their  veftments,-  arms,  &c„  Particular  reafons  have  in¬ 
duced  him  to  detach  from  his  work  an  effav  on  the  ufe  which 
the  antients  made  of  hemp.  Hefiod  and  Homer  do  not.  men¬ 
tion  this  vegetable.  Herodotus  fays  that  it  refembles  flax, 
from  which  it  differs  only  in  fize  and  in  height.  The  appear¬ 
ance  of  thefe  two  plants,  however,  is  marked  with  fuch  a 
(Hiking  difference,  that  the  father  of  hiftory,  fince  he  (peaks 
fo  incorrectly,  muff  have  never  feen  hemp.  Pie  neverthelefs 
tells  us,  that  the  Thracians  procured  from  the  northern  coun¬ 
tries  of  Europe  the  hemp  which  they  employed  to  make  cloth 
for  their  veftments. 

Ariftophanes  fpeaks  of  a  hemp  merchant;  and  we  know 
that  the  Greeks  ufed  hemp  for  cordage,  and  for  caulk¬ 
ing  their  veftelsl  But  they  did  not  then  cultivate  this  pro¬ 
duction,  for  it  is  not  mentioned  by  Theophraftus  ;  and  Hiero 
procured  hemp  from  the  northern  countries  of  Europe  ;  that 
is  to  fay,  from  the  banks  of  the  Rhodanus,  which  throws  it- 
felf  into  the  Viftula,  and  which  he  calls,  improperly,  the 
Eridanus.  It  is  ftill  from  Ruftia  and  Livonia  that  Europe 
is  fupplied  with  hemp  :  it  is  very  probable  that  it  was  not 
cultivated  by  the  Greeks  till  about  the  commencement  of  the 
•Chriftian  sera. 

The  Romans,  like  the  Greeks,  employed  this  fubftance  for 
cordage,  and  for  caulking  their  veftels  ;  but  neither  of  them 
manufactured  fail-cloth  of  it,  if  we  are  to  judge  from  the 
Greek  and  Roman  writers  whofe  works  have  been  preferved„ 
C.  Mongez  has  been  obliged  to  defcend  from  Herodotus,  in 
his  paffage  refpeCting  the  Thracians,  to  the  12th  century,  to 
find  a  palfage  which  makes  mention  of  hempen  cloth.  It  is 
ftill  in  a  northern  country,  viz.  England,  that  he  found  it. 

In  the  13th  century,  and  the  following  onesP  hempen  cloth 
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became  very  common  in  the  middle  and  fou them  parts  of 
Europe.  There  can  be  no  doubt  that  the  remains  of  this 
cloth,  employed  with  thofe  of  linen  for  making  paper,  then 
introduced  into  Europe,  contributed  to  preferve  the  antient 
authors  whole  works  were  effaced ;  that  the  fame  parchment 
might  be  employed  for  the  books  of  the  church  and  treatifes 
of  theology.  Mongez  concludes  his  refearches  by  comparing 
the  paffages  in  antient  authors,  where  mention  is  made  of 
torrefied  hemp-feed,  with  the  fmoke  of  which  barbarous  na¬ 
tions  got  intoxicated,  and  the  practice  flill  common  in  Egypt 
and  Alia  of  chewing  thefe  feeds  for  the  like  purpofe. 

The  Clafs  of  the  Mathematical  and  Phyfical  Sciences  had 
propofed  in  the  year  8,  as  the  fubjeCt  of  a  prize,  to  be  ad¬ 
judged  on  the  7th  of  October  1801,  the  following  queflion  : 

((  To  point  out  the  earthy  fubftances,  and  the  proceffes 
proper  for  making  earthen-ware  capable  of  handing  a  fudden 
tranfition  from  heat  to  cold,  and  which  may  be  within  the 
reach  of  all  claffes  of  people.” 

This  queftion  was  accompanied  with  the  following  notice  ; 
— The  art  of  manufacturing  that  valuable  pottery  known 
under  the  name  of  porcelain  has  been  brought  to  a  degree  of 
perfection  in  France  which  leaves  nothing  more  to  be  defired  ; 
but  the  cafe  is  not  the  fame  with  the  common  pottery  em¬ 
ployed  for  daily  ufe:  the  latter  is  far  from  being  carried  to 
that  degree  of  increafe  and  profperity  fo  neceffary  for  the 
wants  of  the  great  body  of  the  people ;  while  fome  neigh¬ 
bouring  nations,  who  do  not  make  fo  fine  porcelain,  manu¬ 
facture  very  ufeful  pottery,  the  properties  of  which  are  far 
fuperior  to  that  made  in  France,  The  Inftitute  requires  that 
the  competitors  will  examine  the  compofition  of  thefe  excel¬ 
lent  kinds  of  pottery,  the  earths  which  may  be  employed  in 
the  compofition  of  them,  and  the  artificial  mixtures  which 
might  be  fubftituted  in  their  (lead;  the  manner  in  which 
thefe  earths  ought  to  be  treated  to  give  them  the  neceffary 
qualities;  the  art  of  baking  them;  the  degree  of  heat;  the 
form  of  the  furnaces  molt  advantageous ;  and,  in  particular, 
the  procefies  for  glazing  pottery  without  oxides  and  per¬ 
nicious  metals. 

The  clafs  received  only  one  memoir  on  this  fubjeCl,  ac¬ 
companied  with  feveral  fpecimens  oP  pottery,  and  of  the 
earths  of  which  they  were  made.  It  found  that  the  memoir 
was  written  in  a  clear  and  methodical  manner;  that  it  con¬ 
tained  principles  acknowledged  by  philofophy  and  chemifiry; 
and  that  the  details,  fervirig  to  illufirate  them,  announced 
long  practice  in  the  art  of  pottery,  together  with  great  theo¬ 
retical 
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T'Ctical  knowledge:  but  as  the  fpecimens  which  accompanied 
this  memoir  did  not  anfwer  the  objeCI  pointed  out  by  the 
clafs,  it  has  prolonged  the  term  for  adjudging  the  prize  to 
the  3d  of  October  1802,  ftrongly  recommending  to  the  can¬ 
didates  to  apply  with  particular  care  to  this  branch  of  manu¬ 
factory.  .  '  1 

This  double  prize,  of  the  value  of  6800  francs  (above  280/. 
flerling),  will  be  adjudged  in  the  fitting  of  the  Inflitute  at 
the  above  period. 

The  Clafs  of  Literature  and  the  Belles  Lettres  propofed  in 
the  year  8,  as  the  fubjeCt  of  a  prize  in  antiquities,  the  fol¬ 
lowing  queftion : 

e(  What  are  the  ftudies  which  form,  and  the  kinds  of 
knowledge  which  characterize,  the  antiquary  ?  What  ad¬ 
vantages  ought  to  arife  to  fociety  from  fuch  knowledge }” 

On  account  of  the  importance  of  this  fubjeCt,  the  clafs  has 
thought  proper  to  prolong  the  period  of  receiving  memoirs 
till  the  3d  of  OCtober  1802,  as  before. 

The  prize  will  be  a  gold  medal  of  the  value  of  five  heCto- 
grammes,  and  will  be  adjudged  in  the  public  fitting  of  Ja¬ 
nuary  5,  1803. 


XIV.  Intelligence  and  Miscellaneous  Articles . 

October  1801. 

MEDICINE. 

nr 

1  HE  Qberdeutfcbe  AUgemelne  Liter atur-Zeitung,  July  23, 
1801,  under  the  head  <(  Literary  Notices, ”  contains  the  fol¬ 
lowing  article : 

44  In  the  7th  number  for  the  year  1779,  of  that  generally 
efieemed  journal  Der  Rath geber  fur  alle  Stande ,  the  quef¬ 
tion,  Whether  friction  with  oil  can  be  employed  for  pre¬ 
venting  and  healing  the  fmall-pox,  having  been  anfwered  in 
the  affirmative,  both  by  the  Rev,  Charles  Gottfried  Bauer,  of 
Frohburg,  and  the  learned  editor  Dr.  Daniel  Collembach ; 
and  as  they  produce  feveral  important  grounds  to  prove  their 
affertion,  an  individual  who  has  the  good  of  mankind  at 
heart  wiffies  to  fee  it  confirmed  by  faCts.  For  this  purpofe, 
he  offers  a  prize  of  twelve  ducats  to  the  phyfician  who,  before 
the  end  of  the  prefent  year,  (hall  have  fuccelsfully  employed 
fridion  with  oil  on  the  greatefi  number  of  variolous  patients. 
The  fmall-pox,  however,  muft  have  been  of  the  malignant 

F  4  confluent 
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confluent  kind,  and  accompanied  with  fymptoms  confidered 
as  fatal. 

u  Any  phyfician  alfo,  who  fhall  prove,  by  the  greateft 
number  of  fa  bis,  that  he  has  preferved  whole  families,  by 
friction  with  oil,  from  the  infection  of  this  dileafe,  will  re¬ 
ceive  a  like  prize  of  twelve  ducats.  We  therefore  expebt  to 
he  made  better  acquainted  with  the  rules  for  employing  this 
remedy  fo  much  extolled,  and  which  Dr.  Fothergill  in  Eng¬ 
land,  and  other  eminent  phyficians,  found  ufeful  in  putrid 
fevers.” 

MINERALOGY. 

M.  Chenevix  has  had  under  examination  a  fpecimen  of 
ma?iachanite  from  Botany  Bay.  It  differs  from  the  Cornifh 
in  containing  a  white  quartzy  fand.  It  yielded  on  analyfis. 
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It  is  difficult  to  obtain  this  metal  reduced  and  pure;  but 
by  mixing  the  oxide  of  titanium  with  glafs  of . phofphorus 
and  charcoal,  and  then  employing  a  flux  of  borax,  a  button 
of  phofphuret  of  titanium  may  be  obtained. 

If  the  mineralogical  riches  of  New  Holland  may  be  judged 
of  from  the  valuable  productions  with  which  we  have  become 
acquainted  already,  we  may  look  forward  to  many  interefling 
difcoveries :  already  a  metal  is  found  to  be  a  native  of  thofe 
climates  which  has  not  long  been  known,  and  has  been  but 
rarely  met  with  in  Europe. 

D’Andrade,  in  his  travels  through  Sweden  and  Norway, 
has  added  to  the  catalogue  of  minerals  the  following  fub- 
ftances,  of  which  he  intends  publifhing  a  particular  account: 
Acanthicone,fpodumene,  faldite,  ichthvophthalme,  coccolite, 
aphrizite,  allochroite,  indicolite,  wernerite,  petalite,  chry- 
folite,  feapolite. 

Klaproth  has  completed  the  analyfes  of  the  fluated  alu- 
mine  called  the  chryfolite  of  Greenland .  It  contains 
23 '5  of  alumine 
36-0  of  foda 

40*5  of  fluoric  acid  and  water. 


IOO”0 

He  coniiders  the  difcovery  of  foda  in  Hones  as  very  remarka-* 
ble.  It  is  the  fir  ft  inftance  of  fuch  a  quantity  of  foda  being 
prefent  in  an  ihfoluble  fub fiance, 

Vauquelin 
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Vauquelin  has  repeated  the  analyfes :  he  finds 
A1  umine  -  .  -  21 

Soda  -  -  $2 

Fluoric  acid  and  water  -  47 


JOG 

Upon  a  careful  examination  of  the.  alumine  he  thinks  it  con¬ 
tains  5  of  filex. 

Klaproth  has  alfo  discovered  "a  native  phofphate  of  copper; 
and  is  at  prefent  employed  in  analysing  this  new  combination 
of  the  phofphoric  acid. 

CHEMICAL  NOTICES. 

Some  experiments  made  by  Mr.  Carl i tie  prove  that  ful- 
phurated  hydrogen  gas  is  not  evolved  from  eggs  unlefs  they 
are  heated  in  water,  and  this  by  the  decompolition  of  the 
water  ufed. 

Aperfon  in  the  colour  line,  on  the  continent,  having  mixed 
coarfe  Pruffian  blue  and  nut  oil  for  a  blue  colour,  covered 
them  with  water,  and  left  them  till  wanted.  On  going  to 
ufe  it,  he  found  if  changed  to  white:  thinking  it  required 
more  Pruffian  blue,  he  fpread  it  upon  a  hone,  when  the  co¬ 
lour  came  again  of  itfelf :  he  then  covered  it  with  oil  inftead 
of  water,  but  with  no  better  fuccefs.  As  an  experiment, 
fome  was  laid  on  white  paper,  fome  on  wood,  and  forne  on 
a  wall.  That  on  the  white  paper  was  the  la (f  that  returned 
to  the  blue  colour;  but  they  all  became  a  ftrong  blue. 

Phofphorus  expofed  in  hydrogen  gas  is  diffolved  in  propor¬ 
tion  to  the  temperature.  If  this  is  done  in  a  light  place,  the 
phofphorus  will  fublime  on  the  infide  of  the  glafs.  If  the  glafs 
be  darkened  in  parts  where  the  light  cannot  enter,  the  phof¬ 
phorus  will  not  have  fublimed.  This  ad  he  (ion  to  the  fides 
of  the  glades'  never  takes  place  but  when  light  is  prefent. 

Mr.  Cruickfhank  has  publifhed  a  fecond  paper  on  the 
gafeous  oxide  of  carbon,  in  which  he  propofes  a  method  of 
analyfing  thefe  gafes  by  the  oxymuriatic  acid  gas,  which 
abforbs  and.  decomposes  the  hydrogen  and  the  hydro-car¬ 
bonate,  leaving  the  gafeous  oxide.  In  this  cafe,  not  more 
than  a  double  quantity  of  the  oxygenated  muriatic  acid  gas 
fhould  be  ufed.  The  gafeous  oxide  itfelf  may  alfo  be  decom- 
pofed  by  the  oxygenated  muriatic  acid  gas,  provided  a  fuf- 
ficient  quantity  be  expofed  to  its  adtion.  Hydrocarbonate 
or  hydrogen  may  be  immediately  decompofed  by  the  adtion, 
of  oxymuriatic  gas  and  the  electric  fpark  ;  but  the  gafeous. 
oxide  of  carbon  and  oxymuriatic  acid  gas  are  not  fired  by 
the  electric  .fpark* 
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Mr.  Cruickfhank  gives  the  following:  as  an  entertaining 
experiment Fill  a  vefiel,  of  about  the  capacity  or  three 
pints,  with  oxymuriatic  gas;  fee  that  it  is  drained  from  the 
water  in  it ;  then  throw  into  it  about  a  dram  of  good  ether, 
and  cover  the  veflfel  with  a  piece  of  paper.  In  a  few  leconds 
a  while  vapour  will  be  obferved  moving  circularly  :  this  will 
be  followed  bv  an  explofion  and  flame,  and  a  large  quantity 
of  carbon  will  be  depofited. 

GALVANISM. 

Mercier  has  quoted  a  work,  publifhed  27  years  ago,  which 
contains  the  principle  of  galvanifm.  Twelve  years  before, 
the  celebrated  Sulzer  difcovered  this  principle,  and  obtained 
the  fame  refult.  44  If  you  join,”  fays  he,  44  two  pieces  of 
metal,  one  of  lead  and  the  other  of  filver,  in  fuch  a  manner 
that  their  edges  form  one  plane,  and  if  they  be  placed  upon 
the  tongue,  a  tafte  of  the  vitriol  of  iron  will  be  felt,  while 
each  piece  feparately  leaves  no  trace  of  tafte.”— Smith’s  Pojl - 
burnous  Works ,  part  ii.  p.  308. 

NATURAL  HISTORY. 

A  very  ftrong  leaden  pipe,  which  conveyed  water  into  a 
bafon  in  the  garden  of  the  palace  of  the  Confervative  Senate, 
the  ci-devant  Luxembourg,  and  which  has  not  been  in  ex- 
i Renee  for  30  or  40  years  paft,  has  lately  been  difcovered. 
This  pipe  contained  a  fediment  depofited  by  the  water, 
which,  hardened  by  time,  had  become  ftone,  or  rather  free- 
ftone,  fufficiently  clofe  to  ftrike  fire  with  fteel  without  the 
lead  which  contained  it  being  in  any  manner  altered.  Had 
the  workmen  taken  the  precaution  to  remove  the  lead  with¬ 
out  touching  the  matter,  they  would  have  preferved  a  curiofity 
unique  in  its  kind ;  a  natural  pipe  from  2500  to  3000  feet 
long,  of  the  moft  compact  freeitone,  and  an  inch  and  a  half 
in  thicknefs.  In  its  whole  diameter  there  were  counted  about 
fifty  concentric  ftrata  or  coats. 

COMETS. 

44  In  the  Journal  de  Paris  of  May  28,  Caigne  the  notary 
announced,  that  he  would  give  600  francs  to  the  perfon  who 
fhould  dilcover  a  comet.  On  the  morning  of  July  1 2,  C.  Pons, 
keeper  of  the  obfervatory  of  Marfeilles,  difcovered  one,  and 
in  the  evening  it  was  obferved  alfo  by  three  able  aftronomers 
at  Paris.  The  Board  of  Longitude  being  requefted  to  adjudge 
the  prize,  thought  that  C.  Pons  had  a  kind  of  priority,  though 
he  did  not  make  his obfervations  known  till  the  evening:  be¬ 
tides,  the  three  aftronomers  of  Paris  con  fen  ted,  and  C.  Pons 

had 
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bad  the  prize.  I  folicit  the  government  to  propofe  prizes  in 
the  fame  manner,  to  accelerate  our  knowledge  of  comets,  the 
only  branch  of  aftronomy  which  has  not  made  progrefs.  It 
is,  however,  fo  eafy  to  find  comets,  that  thofe  not  altrono-  " 
liters  may  difcover  them  when  they  choofe. 

Lalande.” 

ASTRONOMY. 

u  Who  can  decide,  when  dodtors  difagree  ?” 

(C  For  lome  years  the  fpots  of  the  fun  had  become  rare ; 4 
but  on  the  23d  of  September,  in  the  morning,  I  obferved  a 
beautiful  round  and  well-defined  one,  and  found  it  to  be 
22  degrees  to  the  north  of  the  folar  equator.  This  is  a  pa¬ 
rallel  in  which  very  beautiful  ones  have  been  feen ;  which 
confirms  me  in  the  opinion  which  I  advanced,  ( Memoires  de 
V Academie  1776  and  1778,)  that  there  are  eminences  in  the 
opake  and  folid  nucleus  of  the  fun,  where  fome  fcorite,  which 
float  on  this  ocean  of  fire,  are  hopped  from  time  to  time. 
This  does  not  agree  with  the  idea  of  Dr.  Herfchel ;  but  this 
celebrated  obferver  is  more  to  be  admired  for  his  obfervations 
than  his  hypothefes.  Lalande.” 

CULTURE  OF  POTATOES. 

Extract  of  a  Letter  from  Sir  John  Methuen  Poore ,  Bart . 
to  Sir  IVilliam  Pulteney ,  Bart. 

SIR,  Rufhall,  April  4,  iSor. 

I  can  prove,  not  by  theory,  but  practice,  the  benefit  of 
planting  potatoes  on  fallows.  In  the  parifh  where  I  refide, 
the  whole  of  which,  except  five  acres,  is  my  property,  there 
are  thirty  cottages,  containing  131  poor  people.  I  have,  for 
five  or  fix  years  pah,  allotted,  free  from  rent,  four  acres  of 
land,  intended  to  be  fown  with  wheat  the  following  autumn, 
for  the  cottagers  to  plant  with  potatoes  ;  by  which  means 
each  raifes  from  ten  to  fifteen  facks  (equal  to  240  pounds  per 
fack),  yearly,  in  proportion  to  the  number  of  their  children : 
each  has  not  only  fufficient  for  his  family,  but  he  is  enabled 
alfo  to  fat  a  pig.  They  declare,  was  I  to  give  among  them  a 
hundred  pounds,  it  would  not  be  of  fo  much  benefit  to  them; 
and  it  is  not  one  {hilling  out  of  my  pocket,  for  I  have  as  good, 
if  not  a  better  crop  of  wheat  from  this  land,  as  1  have  from 
the  other  part  of  the  field. 

The  method  I  take  is  this  : — The  latter  end  of  November 
I  plough  the  land ;  the  froft  during  the  winter  mellows  it : 
the  beginning  of  March  following,  I  plough  it  again,  and 
harrow  it;  at  both  which  times  I  have  little  to  do  with  my 
borfes ;  I  then  divide  ii  into  lots;  a  man  with  a  large  family 


93 


Singular  Phenomenon  at  Colne  hr ool:  Dale. 


has  a  larger  lot  than  a  {Ingle  perfon,  or  one  who  has  only  two 
or  three  children,  allowing  about  live  perches  (of  3  6  feet 
i  qua  re)  to- each  in  a  family  :  they  then  plant  it,  and  put  over 
their  potatoes  what  manure  they  have  collected  the  year  pre¬ 
ceding  (for  every  -cottager  lias  more  manure  than  neceflarv 
for. this  from  their  fires,  and  a  variety  of  other  things);  and 
during  the  furamer,  after  their  day’s  labour  is  done,  they  and 
their  wives  hoe  them ;  and  as  every  man  works  more  cheer¬ 
fully  for  himfelf  than  for  another,  they  do  not  fuffer  a  weed 
to  grow.  In  October  they  dig  them  up;  and  it  is  the  molt 
pleafant  thing  imaginable,  to  fee  the  men,  their  wives  and 
children,  gathering  the  produce  of  their  little  farms,  which 
is  to  fer-ve  them  the  enfuing  winter.  Was  this  plan  gene- 
rally  adopted,  the  labourers  would  confitme  but  little  corn; 
which  would  fnpply  the  manufacturing  towns,  and  we  ffiould 
have  no  occafion  to  import.  As  four  acres  are  fufficient  for 
thirty  families,  it  would  take  but  a  fniall  quantity  of  land 
from  every  farm  in  the  kingdom.  The  way  praeti fed  here, 
is  to  plant  the  potatoes  in  furrows,  eighteen  inches  apart, 
and  a  foot  apart  in  the  rows.  The  land  about  me  is  of  dif¬ 
ferent  qualities  :  on  the  hills,  rather  light  ;  in  the  vale,  near 
the  pariih,  inclining  to  clay  ;  but  all  fit"  for  turnips  :  the  po¬ 
tatoes  are  planted  in  the  low  land,  being  nearer  home.  The 
poor,  at  prelent,  will  not  live  entirely  without  bread,  as  many 
do  in  Ireland,  though  potatoes  daily  get  into  ufe  more  and 
more;  and  I  am  persuaded,  was  my  plan  generally  adopted, 
in  two  or  three  years  the  labourers  in  the  country  would  con- 
fume-  but  little  or  no  corn.  Thirty  years  ago,  the  poor  in 
this  part  of  the  country  would  not  eat  potatoes,  if  they  could 
get  other  roots  or  vegetables. 

p  O 

S  I N-G  IT L  A  R  PH M  N  O  M  E  N  O  N,  AT  COL N'E B  It  O  O K  DALE. 

On  Sunday,  the  7th  of  September,  a.moft  tremendous  fall 
‘of  rain,  accompanied  with  thunder,  raifed  the  river  Colne 
to  inch  a  height,  as  to  make  it  reach  one  of  the  blaft- fur- 
maces,  belo 


£1  , 


nverriow 


belonging  to  the  Colnebrook  Dale  company,  by  the 
dng  of  thexlams.  The  infant  the  water  entered  the 


furnace,  a  dreadful-  cxplofion  took  place,  and  a  column  of 
melted  and  red-hot  mineral  was  difeharged  into  the  air,  in  a 
perpendicular’ direftion,  upwards' of  150  feet.  The  explofion 
was  repeated  at  intervals  lor  two  or  three  times,  accompanied 
each  time  by  an  extremely  brilliant  column,  the  heat  of  which 
was  To  intenfe,  as  to  be  felt  feveral  hundred  yards  diftant. 
The  roofs  and  floors'  of  the  contiguous  buildings  were  dif- 
placed  by  the  concuffion.  It  is  remarkable,  that  the  pro¬ 
digious  quantity  of  matter,  upwards  of  coco  cubic  feet  of 

iron- 
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iron-ftone,  Kme-ftone,  and  coals,  part  in  fufion,  emitted 
from  the  mouth  or  top  of  the  furnace,  is  entirely  diffipatcd; 
and  that,  notwithftanding  the  principal  part  of  it  was  large 
pieces  of  iron  ore  and  Umdtone,  yet  not  a  particle  of  either 
can  be  found  any  where  near  the  fpot,  nor  is  a  veftige  of  them 
to  be  difeerded  on  the.  tops  of  any  of  the  adjacent  buildings. 
It  is  alfo  wonderful,  that  the  aperture  at  the  top  of  the  fur¬ 
nace  (an  opening  not  exceeding  a  few  feet  in  diameter) ? 
through  which  the  contents  were  exploded,  is  not  in  the  leail 
rent,  but  is  now  as  found  as  ever,  together  with  the  furnace 
itfelf. — It  is  fuppofed  a  water- fpout  .mu ft  have  burft  near  the 
fpot,  as  part  of  the  works  was  in  a  few  minutes  completely 
inundated,  and  the  water  attained  to  the  amazing  height  of 
17  feet  in  a  very  Ihort  (pace  of  time. 


PARTICULARS  RESPECTING  THE  SAVAGE  OF 

A VET RON : 


Ex  trailed  from  the  Report  made  to  the  National  Inflitule  If 

Citizen  Degera?ido. 

When  the  young;  creature,  known  by  the  name  of  the 
Savage  of  Avfyron^  was  di  {covered  in  the  for  eft  of  Canni, 
and  brought  to  Paris  by  the  prole 'Tor  Bonaterre,  the  public,, 
for  a  confiderable  time,  echoed  with  this  intelligence.  It 
occupied  the  idle,  a  Ur  a  died  the  curious,  and  gave  rife  to  a 
multitude  of  difeuffions,  which  were  at  leak  premature,  as 
they  could  then  have  no  foundation  but  conjecture. 

In  the  mean  time,  the  public,  who  ran  in  crowds  to  fee 
this  child,  were  adorn  died  to  behold  in  him  only  a  being, 
nearly  infeniible,  which  appeared  neither  to  hear  nor  to  fee, 
which  gave  no  figns- of  attention,  and  appeared  to  have  no  fort 
of  adtive  principle.  Thus  the  in  tore  ft  which  he  excited  be¬ 
came  ex  tin  ft  as  foon  as  it  was  raifed. 

The  1  pi ri t  of  fyftem  then  palled  a  new  fentence  on  him. 
Some  perfons,  according  to  whole  opinions  the  lavage  ft  ate  is 
not  only  the  primitive,  but  alfo  the  moll  perfect  ftate  of  man, 
were  furprifed  that  this  child  of  nature  corfefponded  fo  ill 
with 'their  ideas ;  and,  dreading  that  he  would  completely 
overturn  their  hypothefis,  they  haftened  to  1  ecu  re  themfelves 
from  any  conclufion  that  might  be  deduced  from  him  by 

•  '  CD  i  J 

declaring  that  he  had  been  born  a  fool. 


Superficial  minds  confirmed  this  fentence.  The  favage  of 
Aveyron  re  fern  bled  a  fool ;  it  was  therefore  eafy  to  conclude 
that  he  was  a  fool ;  and,  what  lent  a  ftrong  confirmation  to 
this  opinion  was,  that  Pinei,  a  phyfician,  who  has  acquired  a 
high  reputation  by  his  fucceftes  on  perfons  of  difordered  in¬ 
tellects,  having  accurately -examined  all  the  circumftances 

connected 
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conneXcd  with  the  phyfical  and  moral  date  of  this  boy,  and 
having  compared  them  with  thofe  of  the  idi-ots  confined  at 
the  hofpital  of  the  Salpetriere,  found  fuch  a  perfeX  coin¬ 
cidence  between  them,  that  he  thought  himfelf  juftified  in 
declaring  this  creature  a  natural  idiot. 

But  a  few  philofophers  dill  oppofed  themfelves  to  adecifion 
fo  precipitate  and  fevere.  They  thought  it  poffible  that  the  fo- 
litary  and  brutal  life  of  the  favage  of  Aveyron  might  have  pro¬ 
duced  a  fort  of  habitual  idiotifm,  the  appearances  of  which 
might  be  dmilar  to  thofe  of  natural  idiotifm  ;  and  they  held 
it  extremely  unjuft  to  condemn  the  creature  for  ever,  and 
extremely  unwife  to  leave  fo  extraordinary  a  phenomenon 
totally  unexplained;  at  the  fame  time  they  fuggefted  the 
means  that  they  conceived  would  be  mod  effectual  to  roufe 
his  faculties  and  unfold  his  underdanding,  if  in  reality  he 
had  any.  Locke  and  Condilhac  had  already  given  the  idea 
of  thefe  means.  Previous  to  any  attempt  to  produce  con¬ 
nexion  of  ideas,  the  ideas  themfelves  fhould  be  created;  in 
order  to  create  the  ideas,  the  attention  diould  be  fixed  ;  and, 
in  order  to  fix  the  attention,  the  wants  and  neceffities  of  the 
perfon  fhould  be  interefted.  They  did  not  wifh  to  teach  him 
the  ufe  of  figns,  before  he  could  have  acquired  thofe  notions 
which  thefe  terms  are  intended  to  exprefs;  they  wifhed  to 
work  on  his  fenfibility,  to  direX  it  to  its  proper  objeXs,  and, 
by  the  formation  of  new  habits,  to  counteraX  thofe  depraved 
ones  by  which  he  had  already  been  enflaved.  They  faw  that 
a  long  time  would  be  required  to  excite  in  him  attention  to  a 
world  in  which  he  was  a  ftranger,  and  regard  for  objeXs  in 
which  he  had  been,  and  was  vet,  totally  uninterefted :  but 
they  refolved  to  apply  themfelves  with  induftry,  and  to  await 
the  eflfeX  with  patience. 

The  boy  was  committed  to  the  care  of  C.  Ytard,  phyfician 
of  the  National  Inflitution  for  the  Deaf  and  Dumb,  in  order 
that,  by  the  combination  of  phyfical  and  modern  remedies, 
the  double  incapacities  under  which  he  laboured  might  be 
more  effeXually  removed.  C.  Ytard’s  exertions  have  alreadv 
been  crowned  with  a  degree  of  fuccefs  which  is  almoft  pro¬ 
digious  :  he  has  publifhed  the  particulars,  which  he  has  de¬ 
dicated  to  the  National  Inftitute. 

fie  proceeded  nearly  in  the  following  order  : — The  fenfe  of 
feeling  feemed  to  be  entirely  paralyfed  in  the  child :  he  {bowed 
no  fenfibility  either  to  heat  or  cold;  his  fmell  and  tafte  were; 
plunged  in  a  fimilar  deep.  A  repetition  of  warm  baths  foon 
unfolded  his  nervous  fenfibility  :  in  a  little  time  after,  his 
feeling  acquired  a  confiderable  degree  of  delicacy  ;  he  became 
nice  in  the  choice  of  his  food ;  he  made  ufe  of  a  feleXion  and 

a  cleanlinefs 
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a  cleatilinefs  in  it  to  which  he  had  been  before  a  (l ranger  : 
his  choice  was  directed  by  the  fxnell. 

The  eye  of  this  child  was  wild  and  wandering :  he  faw, 
•without  doubt,  but  he  never  dwelt  on  the  objeCt.  The  loud  ell 
noifes  appeared  fcarcely  to  ftrike  his  ear;  a  piftol  {hot  would 
not  make  him  turn  his  head.  Superficial  observers  would 
have  concluded  that  he  was  deaf;  but  C.  Ytard  was  aware 
that,  even  when  the  fenfe  is  perfect,  no  perception  is  pro¬ 
duced  unlefs  the  mind  is  attentive;  and  he  was  not  afto- 
nifhed  that  tile  violence  of  this  found  made  no  impreftion  00 
a  being  whom  it  could  not  intereft.  He  found  a  new  proof 
of  the  juftnefs  of  his  obfervation  in  the  attention  which  his 
pupil  beftowed  on  the  fmalleft  found  which  could  intereft 
him,  fuch  as  the  cracking  of  a  nut,  or  the  turning  of  a  key. 

In  the  mean  time  new  habits  were  formed  in  the  boy  ;  a 
number  of  new  neeeflities  arofe;  food,  drefs,  reft,  and  walk¬ 
ing  out,  were  fo  many  new  means  of  augmenting  his  depend- 
ance.  Finding  himlelf  under  the  necemty  of  availing  him- 
felf  of  >thofe  about  him,  he  has  begun  to  feel  the  force  of 
moral  affections,  and  has  conceived  a  particular  attachment 
to  his  governefs.  His  ideas  have  been  multiplied  and  con¬ 
nected  ;  fome  efforts  have  been  made  to  amufe  him,  and  it 
is  contrived  to  unite  inftruCtion  with  amufement.  He  has 
been  exercifed  at  comparifons ;  they  have  accuftomed  him 
to  compare  objects  with  their  images,  and  in  thefe  compa¬ 
rifons  he  has  only  been  conftrained  to  ufe  the  united  powers 
of  judgment  and  of  memory.  C.  Ytard  thought  this  a  fa¬ 
vourable  moment  to  teach  him  our  written  characters,  and 
he  made  ufe  of  the  method  employed  in  the  in  ft  ruCtion  of 
the  deaf  and  dumb  :  he  wrote  the  name  of  the  objeCt  on  the 
image,  and  then,  by  effacing  the  image,  he  hoped  that  the 
name  would  remain  connected  with  the  remembrance  of  the 
objeCt:  but  this  method  proved  unfuccefsful.  Then  other 
means  were  ufed,  which  are  detailed  in  C.  Ytard’s  publica¬ 
tion,  the  effect  of  which  was  as, happy  as  could  be  hoped. 
The  boy  now  diftinguifhes  the  characters  of  the  alphabet,  and 
places  them  in  their  order;  he  pronounces  the  words  lait9 
J’oupe  (not  foup),  in  the  common  tone,  and  then  brings  the 
proper  letters,  and  forms  thefe  words.  In  this  manner,  he 
every  day  acquires  a  new  word;  he  already  begins  to  emerge 
from  his  ignorance ;  he  has  entered  on  the  territory  of  reafon; 
he  is  in  pofleffion  of  fome  of  our  terms  of  fpeech,  and  will 
foon  be  enabled  to  give  us  fome  information  refpeCting  his 
early  condition  ;  a  fubjeCt  which,  of  all  others,  muft  be  moft 
interefting  to  curiofity. 


It 
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It  mull  be  ob  Served,  that  he  finds  great  difficulty  in  the 
formation  of  articulate  founds;  from  the  effedt  of  long  difufe 
of  his  organs  of  fpeech,  there  are  onlv  a  few  words  that  he 
can  pronounce  perfectly  ;  but  it  is  hoped  that  the  fame  per¬ 
severance  which  conquered  the  fir  ft  difficulties  that  flood  in 
his  way,  will  alfo  help  him  over  the  others. 

LUNAR  RAINBOW. 

About  feven  o’clock  on  Saturday  night,  the  24th  October, 
a  beautiful  lunar  iris  appeared  at  Edinburgh  in  the  weftern 
part  of  the  horizon.  As  the  moon  was  then  very  near  the 
full,  and  her  altitude  above  the  horizon  not  very  great,  the 
red,  yellow,  and  violet  colours  of  the  iris  could  be  eafily 
diftinguiffied,  and  the  bow  approached  pretty  near  to  a  com¬ 
plete  Semicircle.  This  phaenomenon  continued  half  an  hour; 
and,  as  the  weftern  part  of  the  horizon  was  during  that  time 
covered  with  an  obfcure  haze,  which  rendered  it  excellently 
adapted  for  the  reception  of  the  colours,  it  prefented  a  moll 
beautiful  fpedtacle  to  many  who  had  never,  till  then,  the 
pleafure  of  obferving  it.  Ariftotle  informs  us,  that  he  was 
the  firft  who  obferved  the  lunar  iris ;  and  adds,  that  they  are 
never  feen  but  at  the  time  of  full  moon.  It  has  often  ap¬ 
peared  a  matter  of  wonder  to  philofophers,  how  this  phseno- 
menon  fo  rarely  occurs  :  but  if  we  confider,  that  it  never  ap¬ 
pears  unlefs  the  moon  be  near  the  oppofition — that  ffie  comes 
into  this  fituation  only  thirteen  times  a  year;  whereas  the 
fun  is  in  a  State  fitted  for  their  production  twice  every  day; 
and  that  the  light  of  the  moon  is  incomparably  more  faint 
than  that  of  the  fan;  our  furprife  will  quickly  vaniffi,  and 
we  fit  all  rather  be  aftonifhed  at  the  frequency  of  their  pro¬ 
duction. 


Dr.  Garnett,  having  fitted  up  an  elegant  and  commodious 
ledture-room  in  Great  Marlbbrough-ftreet,  intends,  we  un¬ 
derhand,  to  begin  his  ledtures  on  natural  philofophy  and 
chemiftry  immediately.  The  introdudtory  ledture  will  be 
delivered  on  the  2d  of  November,  at  eight  o’clock  in  the 
evening.  The  ledtures  on  experimental  philofophy  will  be 
delivered  every  Monday  and  Friday,  at  the  fame  hour;  and 
thofe  on  chemiftry  every  Tuefday  and  Thurfday,  at  one 
o’clock  P.  M.  The  medical  ledtures  will  not  commence  till 
January  1802. 
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XVI.  On  the  Equilibrium  of  Arches .  By  Mr,  Jo  HI? 

Southern,  Engineer,  Soho,  Birmingham  *. 

SIR,  Soho,  Birmingham,  Nov.  2,  iSor. 

At  the  prefen t  moment,  when  the  grand  project  of 
throwing  a  fingle  arch  over  the  Thames  (propofed  by 
Meffrs.  Telford  and  Douglas)  is  in  contemplation,  whatever 
tends  to  render  the  theory  of  the  equilibrium  of  arches  more 
eafily  to  be  underftood,  will,  it  is  reafonable  to  fuppofe,  be 
acceptable  to  manv  of  vour  readers;  and  if  vou  think  the  fol¬ 
lowing  paper  of  this  defcription,  you  will,  by  inferting  it  in 
the  Philofophical  Magazine,  oblige. 

Sir, 

Your  obedient  fervant, 

Mr,  Tilloch .  John  Southern. 

1.  LET  the  right  lines,  fig.  1.  ZBCDEF  be  fituate  in  a 
vertical  plane,  and  moveable  about  the  angles  B,C,D,E  as 
joints,  and  alfo  about  the  points  Z  and  F ;  let  ZB  be  hori¬ 
zontal,  and  let  fuch  weights  be  laid  upon  the  joints  BCDE 
as  will  keep  the  whole  in  equilibrio,  the  points  Z  and  F  not 
yielding :  required  what  fuch  weights  are,  and  what  the  forces 
exerted  in  each  line. 

From  any  point  B  in  the  line  ZB  draw  Bp  perpendicular 
to  that  line,  continue  the  Paid  line  to  any  diftance,  a,  whence 
draw  the  line  aM  parallel  to  Bp ;  by  the  equilibrium  of 
forces,  the  weight  (reprefentcd  by  the  line)  *zM  laid  upon 
the  joint  B  will  be  counterbalanced  by  a  force  aB  in  the 
direction  ZB,  and  a  force  MB  in  the  dire&ion  MB,  and  of 
courfe  the  point  B  remain  at.  reft.  But  a£tion  and  rea&ion 
being  equal  and  contrary,  the  force  aB  will  not  only  be  ex¬ 
erted  again  ft  B,  but  alfo  be  returned  and  a£l  againft  the 
point  Z;  alfo  tbe  force  MB  will  be  returned,  and  a againft 
the  joint  C.  Continue  BC  to  b,  fo  that  bC  —  MB,  and 
from  b  draw  the  line  bN  parallel  to  Bp,  meeting  the  line  CD 
in  N;  then  will  the  force  bC ,  in  the  direction  BC,  be  juft 
balanced  by  a  weight  bN  laid  upon  the  joint  C,  and  a  force 
NC  in  the  direction  NC.  In  like  manner  continue  the  lines 
CD  and  DE  to  c  and  d  refpe&ively,  making  the  lines  cD 
=  NC,  and  d E  ~  OD;  and  from  the  points  c  and  d  drawing 
lines  parallel  to  Bp  meeting  the  line  DE  and  EF  in  O 
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and  P*  fo  will  the  weight  cO  laid  upon  the  joint  D,  and 
the  force  OD,  balance  the  force  cD  in  the  diredtion  CD ; 
and  the  weight  dP  laid  upon  the  joint  E,  and  the  force  PE 
balance  the  force  dF  adling  in  the  direction  DE.  The  force 
PE  will,  by  its  reaction,  be  exerted  upon  the  point  F. 

Make  BA  —  &B,  and  draw  Am  parallel  to  BC ;  B m  will 
therefore  —  dM,  and  Am  —  BM  ;  and  confequently  the 
lines  AB,  Bra,  raA,  will  reprefent  the  forces  and  their  direc¬ 
tions  of  action  which  keep  the  joint  B  in  equilibrium.  Drawr 
A n  parallel  to  DC,  then  becaufe  AC  =  MB  =  raA,  and  AN 
is  parallel  to  mn  (included  in  Bp},  the  trianole  A mn  is  equal 
and  (imilar  to  the  triangle  CAN,  and  confequently  the  lines 
Am,  mn ,  nA,  rep  relent  the  forces  and  their  directions  of 
aCtion  which  keep  the  joint  C  in  equilibrium.  So,  A o  and 
A p,  being  refpeCtivel'y  drawn  parallel  to-  DE  and  FF,  the 
triangle  A  no  —  DcO,  and  A  op  —  Ec/P ;  and  comequerydy 
their  tides  reprefent  the  forces  which  keep  the  joints  D  and  E 
fefpeCtively  in  equilibrium. 

2.  It  is  obvious  that  the  weight  p retting  on  any  joint  is  as 
the  difference  of  the  tangents  of  the  angles  which  are  formed 
by  each  of  the  legs  of  that  joint  with  the  horizontal  line  :  for 
the  Weight  on  the  joint  D  is  as  cO  —  no\  but  B n  is  the  tan¬ 
gent  of  the  angle  nA B  (to  the  radius  AB)  —  the  angle  which 
the  leg  DC  of  the  joint  forms  with  the  horizontal  line  AB  ; 
and  Ro  is  the  tangent  of  the  angle  eAB  (to  the  fame  radius) 
==  the  angle  which  the  other  leg  DE  of  the  joint  forms  with 
the  horizontal  line  AB;  confequently,  no  is  the  difference  of 
t'hefe  tangents. 

3.  It  is  equally  obvious  that  the  force  exerted  through  any 
leg  of  ahy  of  the  joints,  and  which  may  be  called  the  com- 
fr effing  force,  is  as  the  fecar.t  of  the  angle  which  that  leg 
forms  with  the  horizontal  line  :  for  the  force  through  the 
leg  FE  is  as  pA,  the  force  through  ED  is  as  oA,  through 
DC  as  nA ,  through  CB  as  raA,  and  through  BA  as  BA ; 
refpeCfively  the  fccants  of  the  angles,  with  the  radius  AB, 
which  each  leg  makes  with  the  horizontal. 

4.  The  horizontal  force,  or  comprefh ng  force  at  the  crown, 
(which  is  conhant,)  is  AB  —  radius;  beeaufe  the  leg  at  the 
’crown' is  horizontal,  and  therefore  the  angle  is  nothing  there, 
the  fecant  of  which  is  equal  to  radius. 

5.  If  the  weights  which  are  difpofed  upon  any  number  of 
contiguous  joints  be  united  and  laid  upon  one  joint,  and  if 
the  legs  which  form  this  joint  have  the  fame  declination  from, 
the  horizontal  line,  and  the  fame  forces  exerted  through  them- 
that  the  extreme  legs  of  the  two  extreme  joints  of  the  faid 
contiguous  number  have^  the  equilibrium  will  hill  be  exadt. 

3  Continue 
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Continue  the  line  BC  to  G  and  e ,  and  the  line  FE  to  G; 
make  Ge  —  MB  —  the  force  afiling  towards  G  from  B  ;  draw 
eg  parallel  to  B p.  By  conftru&ion,  Ge  is  parallel  and  equal 
to  Am,  and  gG  is  parallel  to  pA;  therefore  the  triangles  Geg 
and  A mp  are  equal  and  fimilar,  and  reprefent  the  forces  which 
keep  the  joint  G  at  reft;  but  the  force  or  weight  eg  —  mp  — 
mn  +  no  4-  op  is  equal  to  the  funi  of  the  weights  upon  the 
angles  ODE;  and,  by  conftruclion,  the  legs  FG  and  BG  of 
the  joint  G  have  the  fame  declination  from  the  horizontal 
that  the  extreme  legs  (FE,BC)  of  the  two  extreme  joints 
(EC)  of  the  contiguous  joints  CDE  have. 

6.  It  is  hence  evident  that  the  film  of  the  weights  upon 
uny  number  of  fucceffiye  joints  (whether  they  be  numerous 
or  few),  beginning  at  the  vertex,  is  as  the  tangent  of  the  angle 
formed  by  the  ultimate  leg  of  the  laft  joint  with  the  horizontal 
line. 

7.  Confequently,  if  the  legs  be  extremely  numerous  and 
fhort,  fo  as  to  form  a  curve,  or  a  line  differing  infenfibiy  from 
a  curve,  the  whole  weight  prefting  on  that  curve  muft  be  as 
the  tangent  of  the  angle  which  a  tangent  to  the  curve  at  the 
loweft  point  makes  with  the  horizontal  line,  becaufe  the  faid 
tangent  will  coincide  with  the  ultimate  leg  of  the  curve. 

8.  If  the  curve  be  the  arch  of  a  circle,  the  angle ,  which 
a  tangent  to  the  curve  forms  with  the  horizontal  line,  will 
he  equal  to  that  at  the  centre,  contained  between  the  vertical 
radius  and  that  drawn  to  the,  point  whence  the  tangent  is 
drawn,  and  may  be  meafured  by  the  arch  ilfelf. 

Let  adf  fig.  2.  be  the  arch  of  a  circle  from  the  centre  %9 
imd  za  vertical;  draw  a F  horizontal,  a  tangent  to  the  arch 
at  a,  which  is  confequently  at  right  angles  to  the  radius  az. 
From  any  point  in  the  arch,  as  e,  draw  em  a  tangent  to  the 
curve  at.£;  the  angle  emF  is  therefore  that  which  the  tangent 
to  that  point  makes  with  the  horizontal  line;  and' becaufe 
one  of  its  legs,  is  at  right  angles  to  ez,  and  F m,  (the 
•other  leg,)  by  conitruFHon,  at  right  angles  to  az,  the  angle 
eza  is  equal  to  the  angle  em¥,  and  may  be  meafured  on  the 
arch  from  a  to  e.  So  the  angle  clza  may  be  proved  to  be 
equal  to  that  which  a  tangent  to  the  arch  at  d  would,  if 
drawn,  make  with  the  horizontal.  And  fo  of  any  othef 
point. 

9.  Let  the  arch  adf. \  in  the  laft  figure,  reprefent  the  in- 

trados  of  abridge;  if  it  be  required  what  weights  fhould  be 
Jaid  upon  any  given  portions  of  it  to  effedl  the  equilibrium, 
draw  through  the  given  points  bedef  radii  from  the  centre  « 
to  the  horizontal  line  aF ;  fo  are  the  portions  CD, 

DE,  and  EF,  proportional  to  the  weights  required  to  be  laid 
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on  the  refpe&ive  portions  ab ,  be ,  cdy  de,  and  ej \  of  the  arch. 
For  Da  is  (7.)  proportional  to  the  whole  weight  on  the  arch’ 
ea,  Da  is  proportional  to  the  whole  weight  on  the  arch  da , 
and  therefore  ED  is  proportional  to  the  weight  on  that  por¬ 
tion  of  the  arch  ed  correfponding  with  it,  and  is  as  the  dif¬ 
ference  of  the  tangents  of  the  angles  formed  by  tangents  to 
the  arch  at  the  points  e  and  d  with  the  horizontal.  (2.) 

10.  The  horizontal  force,  or  compreffing  force  at  the 
crown,  is  as  radius  (4.)  sss  za  ;  the  comprefting  force  at  any 
point,  cord ,  is  as  zC  and  zD  refpedtively  (3.);  and,  of 
courfe,  the  prefl'ure-on  the  abutment  indire&ion  of  a  tangent 
to  the  arch  there,  as  zF. 

11.  It  is  eafy,  from  what  has  hitherto  been  demonftrated, 
to  calculate  from  tables  of  tangents  the  actual  weights  which 
fhould  be  laid  upon  given  portions  of  arches,  provided  the 
weight  upon  any  one  portion  be  given.  Suppofe,  for  in- 
fiance,  an  arch  to  contain  from  the  fummit  or  crown  to  the 
abutment  30°,  and  that  or>  the  firft  degree  10  tons  be  laid1, 
(including  the  weight  of  the  arch,  road,  &c.)  then  fay.  As 
the  tangent  of  one  degree  is  to  10  tons,  fo  is  the  tangent  of 
two  degrees  to  the  weight  upon  two  degrees,  from  which 
fubtraCt  the  weight  upon  the  firft,  and  there  will  remain  the 
weight  due  to  the  fecond  degree ;  and  fo  on. 


Thus,  as  tang. 


co.  ar.  1.75808 


is  to  10  tons 

fo  is  tang.  2° 

1. 00000 
8.54308 

Weight  upon  2°  20,006  tons  -  1.30116 

Subtra6l  10  the  weight  upon  the  firft  degree 

10.006  tons  upon  the  fecond  degree. 

Again,  as  tang.  i°  co. 

is  to  10  tons 

fo  is  tang.  1 50 

ar.  1.75808 

1 .00000 
9.42805 

Weight  upon  150  153.51  tons 

2.18613  • 

As  tang.  i° 

is  to  10  tons 

fo  is  tang;.  i6p 

'w 

co.  ar.  1.75808 
1. 00000 

9-4575° 

Weight  upon  1 6°  -  164.28  tons 

Subtra6t  weight  upon  15  0  153*51  tons 

2.21558 

Weight  upon  the  16th  degree  10.77  tens 

Again, 
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Again,  as  tang.  i°  c0*  ar.  1.75808 

is  to  10  tons  -  1. 00000 

fo  is  tang.  30°  -  -  9.76144 


The  whole  weight  upon  30°  —  33°*/ 7  tons  2*5l 95  ^ 

Double  this  will  be  the  whole  weight  of  the  bridge. 


12.  It  was  fhown  (3.)  that  the  comprefling  force  of  any 
leg  in  a  fvftem  of  angles  was  as  thefecant  of  the  angle  which 
that  leg  formed  with  the  horizontal  line.  The  leg  at  any 
point  o?  a  curve  will  coincide  writh  the  tangent  at  the  fame 
point,  and  therefore  the  comprefling  force  at  any  point  of  the 
arch  of  a  circle  is  as  the  fecant  of  the  arch  between  that 
point  and  the  vertex  (8.)  Thus  the  comprefling  force  at  30° 
from  the  crown,  is  as  the  fecant  of  3°°5  an<^  *his  force 

exerted  upon  the  abutment  in  direction  of  the  tangent  to  the. 
arch  there.  The  comprefling  force  at  2°  from  the  crown  is 
as  the  fecant  of  2°,  and  at  the  crown  (10.)  as  the  fecant  of 
o  degrees. 

Thus,  as  the  tang,  of  i°  -  co,  ar.  1.75°°^ 
is  to  10  tons  -  1. 00000 

fo  is  fecant  of  o°  -  -  10.00000 

The  comprefling  force  at  the 
crown  =  the  horizontal 
force,  or  thruft,  or  pufli, 
againft  the  abutment 


^>572.90  tons  -  2.75808 


Again,  as  the  tang,  of  i°  -  co.  ar,  J.7580S 

is  to  10  tons  -  1.00000 

fo  is  fecant  of  30°  *  -  10.06247 

The  comprefling  force  exerted 
again  ft  the  abutment  in  di¬ 
rection  of  the  tangent  to  the 
arch  at  that  point 

13.  This  feems  to  be  all  that  is  requifite  to  be  known  of 
the  theory  of  the  equilibrium  of  arches  of  a  circle,  fo  far  as 
it  relates  to  practice  :  the  builder  will  naturally  defire  to  con- 
itrmSt  his  bridge  with  the  feweft  materials  confiftent  with 
liability,  and  wiTl  probably  firft  determine  the  dimenfions  and 
weight  of  thofe  at  the  crown,  which  he  will  fix  at  a  mini¬ 
mum,  and  from  that,  by  the  rules  juft  given,  the  weight 

*  To  fome  of  thofe  who  may  not  have  a  logarithmic  table  of  feeants  it 
rmay  be  ufcful  to  fay,  that  the  logarithmic  fecant  of  an  angle  may  be  had 
by  fubtraoling  the  co-fine  of  the  angle  from  20.00000. 

g3 


1 661.53  tons  3.82055 


over 
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over  other  parts  of  the  arch :  in  mod  cafes  wherein  the  fparj 
of  the  arch  is  large,  the  fpandrils  will  require  to  be  hollow, 
and  the  weights,  deduced  as  above,  will  ihow  him  how  much. 
To  carry  the  theory  a  little  further, 

14.  Let  AwzB,  fig.  3,  be  any  curve  equilibrated  by  the 
wall  ABCD  built  upon  it,  and  fuftained  by  a  horizontal  force 
applied  at  A  the  crown,  and  a  tangential  one  at  B ;  let  S  be 
the  centre  of  curvature  at  A  and  SAD  vertical.  It  was  fhown. 
(9.  10.)  that  the  weight  of  incumbent  matter  on  any  portion 
of  the  arch  of  a  circle,  is  to  the  horizontal  force  as  the  tangent 
of  that  portion  of  the  arch  is  to  radius.  Let  Am  be  a  very 
fmall  portion  of  the  curve,  which  may  therefore  be  fuppofed 
not  to  differ  fenfibly  from  the  arch  of  a  circle  of  the  radius 
SA,  nor  indeed  from  the  tangent  of  that  arch.  Therefore 
the  weight  upon  Am  will  be  to  the  horizontal  force  as  Am 
is  to  radius  AS :  but  as  the  weight  is  proportionate  to 
the  altitude  AD  of  the  wall,  fo  is  the  horizontal  force  alfo 
as  that  altitude;  and  as  the  former  maybe  expounded  by 
the  fmall  area -An  (mn  being  parallel  to  AD)  —  Am  X  AD, 
fo  may  the  latter  be  expounded  by  AS  X  AD  :  in  other 
words,  the  horizontal  force,  pufh,  or  thruft,  is  equal  to  a 
wall  whofe  length  is  AS  and  altitude  AD.  Make  BG  a 
tangent  to  the  curve  at  B,  and  draw  BP  horizontal ;  alfo  draw 
sad  parallel  to  SD,  and  make  sa  =  SA,  and  ad  —  AD ;  draw 
ab  and  dc  horizontal,  and  sb  at  right  angles  to  BG.  The 
angle  bsa  is  therefore  equal  to  the  angle  GBP,  which  is 
the  angle  made  by  the  curve  at  B  with  the  horizontal  line; 
and  as  ab  is  the  tangent  of  this  angle  with  the  radius  as 
(  =  AS),  the  area  abed  is  equal  to  ABCD  (7.)  —  ab  X  ad. 

Draw  FI  parallel  and  very  near  to  BC,  and  FH  a  tangent 
to  the  curve  at  F ;  alfo  at  right  angles  to  FH  draw  sf  and 
from  f  parallel  to  be  draw  ft.  It  follows,  from  what  has  been 
faid,  that  the  fmall  trapezium  BI  is  equal  to  the  fmall  paral¬ 
lelogram  hi. 

T5.  Hence  the  general  equation  for  the  altitude  of  the  wall 
above  of  all  curves,  of  equilibration,  which  are  fo  poifed  by 
the  matter  adting  upon  them  vertically  only ,  as  if  handing 
on  vertical  pillars  clofe  together  upon  the  arch,  viz.  at  =  uyy 
wherein 

a  —  height  of  the  wall  at  the  crown. 
t  —  the  fluxion  of  the  tangent  of  the  angle  GBP,  formed 
by  the  tangent  to  any  point  of  the  curve  (as  B)  with  the  ho-? 
rizontal  line,  the  radius  being  AS. 

<w  ~  the  altitude  of  the  wall  above  the  faid  point  (as  BC), 
which  determines  the  figure  of  the  extrados.0 


y  = 
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y  -  the  fluxion  of  the  ordinate  to  the  fame  point  of  the 
curve  =  the  horizontal  diftance  of  the  lines  BC  and  FI. 

16.  Let  the  curve  be  the  arch  of  a  circle,  and  let  it  be  re- 
,  qnired  to  find  w.  Let  r  =  radius,  and  y,  z,  and  t,  the  co- 
temporary  fluxions  of  the  fine,  the  arch,  and  tne  tan  gem, 
(lee  fig.  4.) ;  alio,  let  s  =  the  fecant,  and  u  be  drawn  parallel 

to  z.  t 

then,  y  :  &  : :  r  (  —  :  s  (  —  Sj) 


%  :  u  :  :  r  :  s 


u 


,  ‘  S  y 

therefore,  y  :  t  : :  r"  :  s'  and  t  —  ^ 

Suhftitute  this  value  for  /  in  the  general  equation  above, 
and  it  will  be. 


asy 

r5 


no 


—  nay )  therefore 


as- 


a 

7T 


being  a  con  ft  ant  quantity,  nv  is  proportional 

to  s3,  as  found  by  others. 

17.  Let  the  curve  he  the  parabola,  fig.  5* 

A  the  vertex  or  crown. 

B  the  point  on  which  nv  is  required. 

BK  a  tangent  to  the  curve  at  B. 

V=  AP  (and  by  the  nature  of  the  parabola  3a’  =  PK). 

PI3  ;  other  letters  as  before. 

y  :  zx  :  :  r  :  t 
ixr 

~  y 


y 


%ryx  —  2  rxy 


j 

and  fubftituting  this  value  for  i  in  the  general  equation 
at  =x  nay),  we  have 


?ar\x  —  2arxy 

f 


-  nay,  hence  nay  y  =  % oryx  —  2arxy, 


Bv  the  nature  of  the  figure  y 2  =?  px,  where  p  the  para< 
meter  —  zr  (r  being  the  radius  of  curvature  at  its  vertex) 


therefore  yz  =  zrx  and  x 


2T 


ir  •  M 
alio  x  =  — 

G  4 
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Subftituting  thefe  values  in  the  equation  juft  above, 

civy'ly  -  2ayy  —  ay2y 
w  s=  a\  fo  that  the  extrados  and  intrados 
are  precifelv  limilar  and  equal  figures,  having  their  vertical 
diftance  conftantly  the  fame  ~  a,  the  altitude  of  the  wall  at 
the  crown. 

18.  Let  the  extrados  be  a  horizontal  line  DC,  fig.  6,  re¬ 
quired  the  intrados,  a  being  given,  and  x,  y ,  w9  as  before. 

By  the  figure  w  -  a  4-  x,  and  the  general  equation  will  be 

<wy  —  a  =  at  ; 

therefore  y  ~  -f- —  . 

a  +  x 

Alfa,  y  :  x  (fee  figure)  : :  j 


L 


Therefore  y  =  — 

t  a  4  x 

at  =  arx  4  rxx, 

at1  =  2 arx  4  rx2, 

r 


at 


t  = 


X  2 ax  4-  .v2. 


I 

-2 


t  —  — _  y/ ax  -f-  xzy 


a 
rx 


y  =  — -  (as  above)  = 


rx 


x 

mZ 


2ax  +  xx 


far 


x 


/  — .  ?=“3 

v  lax.  4  xx 


y  =  A  a*  X  hyp  .  log.  of  4  x  4-  ^ 2 ax  4  xx 
*4  C. 

But  when  x  =  o, jr  —  o,  and  C  —  —  far  X  hyp. log. a. 
The  correct  fluent  is  therefore 

a  4  4  4  xx 


y—  f  ar  X  hyp.  log. 


a 


which  is  the  fame  that  Dr.  Hutton  makes  it,  page  44,  new 
edition  of  his  Principles  of  Bridges,  wherein  Q  there  =  ar. 
here  the  horizontal  force. 

Jf  a,  x,  and  y,  be.  given  in  any  cafe,  as,  for  inftance,  the 
altitude  of  the  wall  at  the  crown  above  the  intrados  and  the 

altitude 
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altitude  and  half  fpan  of  the  arch  ;  then  r  may  be  found  as 
follows,  and  thence  the  ordinates  to  any  other  point. 


Let  c  =  hyp.  log.  ^ 
Then  y  —  ar  X  c, 

yz  =  arc2, 


a  4*  x  +  v  2  ax  +  xx 
a 


)• 


y 

r  — 


ac" 


Example.  Suppofe  the  fpan  of  the  arch  to  be  tco,  the 
altitude  of  It.  40,  and  the  height  of  the  wall  above  the 
crown  6  (fame  cafe  as  Dr.  Hutton’s,  page  47,  Principles  of 
Bridges), 

a  —  6,  x  —  40,  y  =  50,  therefore 

a  4-  x  4*  f  lax  4*  xx  ,  ,  ,  v  t  •  1 

— - - -  =  15.368,  the  hyperbolic  logarithm 

of  which  is  2.7257  #  — -  c,  c1  —  7.4297,  ac'  —  44.578,  and 


2500 

44.578 


r_ 

acz 

the  arch  at  the  crown. 


56.081  =  r  —  the  radius  of  curvature  of 


19.  The  weight,  of  the  incumbent  matter  on  a  curve 
loaded  to  the  equilibrium,  contained  between  the  crown  and 
any  point  B,  fig.  3.  and  which  may  be  expounded  by  the 
area  AC  of  the  wall  above  it,  has  been  fhown  (14.)  to  be 
always  =  ab  X  ad  —  at ,  Let  A  -  faid  area  AC. 

20.  If  the  curve  be  the  arch  of  a  circle,  and  T  =  the 
tabular  tangent  of  the  number  of  degrees  contained  in  the 
arcli,  then  will  t  —  rT,  and  confequently  A  —  ari\ 

21.  If  the  curve  be  the  parabola,  fee  fig.  5  ; 

.  '  %xr 

then  y  : .  zx  : :  r  !  t  =  - 

.  ^  |  by  the  nature  of  the  figure, 

and  yz  —  fx  —  2 rx  «  -  J 

Therefore  t  {=  ==  )  ==  yx 

y  y 

and  A  —  yaK 

*  The  hyperbolic  logarithm  of  a  number  may  be  fourd  by  multiphmg 
she  common  or  Briggs’s  logarithm  of  the  fame  number  bv  2.3025155,  &c, 
the  product  is  the  required  hyperbolic  logarithm. 


22.  If 
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22.  If  the  top  or  extrados  be  a  horizontal  ftrajght  line, 
fee  fig.  6  3 

I 

y*  2,  -  ■  ■  -  *— 

t  —  — —yfiax  -f  (18.)  therefore 

<2Z  _ 

_J_  ^  .  i  ■  ■■■ .  ..... --.i.  +  -  " 

ta  =  A  =  rz  ar  f  lax  -f  w  =  V'  X  2»  +  av 

Example.  Take  the  cafe  of  Dr.  Hutton’s  laft  mentioned, 
wherein  r  was  found  equal  to  56.081  ;  therefore 
rax  =  13459,  and  2 a  -J-  x  =  52. 

v/±3459  X  52  =  836.60  =  A. 


23.  It  is  well  known  to  mechanicians  that  if  a  heavy  body 
be  fuftained  by  two  forces,  their  directions  muft  meet  either 
at  the  centre  of  gravity  of  that  body,  or  in  a  vertical  line 
which  paffes  through  it.  Let  A,  fig.  7,  be  the  body,  g  its 
centre  of  gravity  ;  ea  a  firing  by  which  it  is  fu (pended,  which 
again  is  fuftained  by  the  firings  ab,ac.  ae  is  of  neceffity 
vertical,  and,  if  continued,  muft  pafs  through  the  centre  of 
gravity  g  of  the  body.  If  this  firing  were  either  longer  or 
ftiorter,  the  point  a  would  Hill  be  at  reft,  and  the  firings  ah 
and  ac  under  the  fame  tenfion.  If  the  body  were  removed 
vertically  to  the  fttuation  dotted,  it  would  be  fuftained  in  the 
fame  pofition  by  the  firings  bf  and  eg,  which  would  fuft'er 
the  fame  tenfion  as  when  they  were  united  in  the  point  a. 
If  inftead  of  firings,  props  hi,  k!,  applied  in  the  fame  direc¬ 
tions  on  oppofite  tides  of  the  body,  were  fubftituted 3  or  if, 
inftead  of  thefe  props,  others  parallel  to  them  were  applied, 
which,  if  continued,  would  meet  in  the  vertical  line,  (as  mn 
and  op,  which  meet  in  g,  do,)  the  body  would  Hill  be  fup- 
ported  at  reft  and  in  the  fame  pofition,  and  the  props  would 
fufter  the  fame  force  of  comprefifion  in  thefe  latter  cafes,  as 
the  firings  on  the  oppofite  tides  fuffered  tenfion  in  the  former. 

24.  Hence  the  centre  of  gravity  of  the  weights 
upon  the  joints  E,  D,  C,  (fig.  1.)  muft  be  in  a  vertical  line 
palling  through  G.  becaufe  they  are  fuftained  in  equilibrium, 
or  at  reft,  by  two  forces  in  the  dheClion  BC  and  FE,  which 
lines,  continued,  meet  in  G.  Alfo,  the  centre  of  gravity  of  all 
the  weights,  fay  on  B,  C,  D,  and  E,  muft  be  in  a  vertical  line 
that  paffes  through  h,  becaufe  they  are  fuftained  by  two  forces 
jn  the  direction  FE  apd  ZB,  which*  continued,  meet  in  h. 

25.  Hence  alfo  the  centre  of  gravity  of  the  materials  upon 
a  curve  in  equilibrium  will  be  in  a  vertical  line  that  paffes 
through  the  point  of  interfebtiop  of  the  tapgents  to  the  ex¬ 
treme  points  of  the  curve, 


Let 
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Let  abc,  fig.  8.  be  the  curve  loaded  to  the  equilibrium ; 
let  ad  be  a  tangent  to  the  curve  at  a,  cd  a  tangent  to  the 
curve  at  c,  and  be  a  tangent  to  the  curve  at  b  (the  crown). 
The  centre  of  gravity  of  the  whole  materials  is  in  a  vertical 
line  which  paffes  through  d\  and  the  centre  of  gravity  of  the 
materials  over  the  arch  a,b,  is  in  a  vertical  line  that  paffea 
through  the  point  e ;  becaufe  the  points  d  and  e  are  refpeq- 
tively  the  points  of  interfedtion  of  the  tangents,  drawn  ffonx 
the  extreme  points  of  the  portions  in  queftion  of  the  curve. 

26.  To  find  the  horizontal  diftance  af 'of  the  centre  of  gra¬ 
vity  of  the  materials  contained  between  the  crown  and  the 
abutment,  from  the  latter.  Drop  a  vertical  line  ef  from  c, 
upon  the  ordinate  y.  Let  af  =  d,  and  x  and  y  be  parallel 
to,  and  cotemporary  fluxions  of,  x  and  Jr  refpedfively.  Then 
it  is  evident  that  x  :y  ::\x  ( •-  ef)  :  d  (== 'af*)\ 

therefore  generally  d  , 


27.  If  the  curve  be  the  arch  of  a  circle,  e,b  (fee  la  ft  figure) 
is  evidently  the  tangent  of  half  the  arch,  which  fubtradfed 
from  half  the  fpan,  leaves  d ,  =  fine  of  the  arch  —  tangent 
of  half  the  arch. 

28.  If  the  curve  be  the  parabola, 

y  ■%  2x  : :  y  :  x  —  by  the  nature, of  that  fig, 

y 

therefore  d  -4^- —  =s  -iy- 

ixy 

y 

29.  If  the  curve  be  the  equilibria!  curve  with  a  horizontal 
extrados. 

It  was  f  iown  (18)  that  y  =  V ar  ( — — —  J  — 

'  'lax  4~  xx* 

•J  ( — — - )  x  5 

\iax  4-  xx  t 


at  xx 


arx 


therefore  w  - 

'  x  J  2  ax  -f-  xx  za  4-  x 

Example.  Take  the  cafe  of  Dr.  Hutton’s  mentioned 
before,  wherein  r  was  found  —  56.081,  rax  —  I3459>  an<^ 

%<*  +  52, 

d  =  J  =  16,088, 

Sfi- 
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XVII.  Obfervations  and  Experiments  upon  D r.  James's 

Powder ,  with  a  Method  of  preparing ,  in  the  humid  IVay , 

a  jimilar  Subjiance .  By  Richard  Chenevix,  Efa . 

F.R.S.  M.R.I.A.* 

^AlFTER  the  obfervations  and  experiments  made  by  Do6lor 
Pearfon,  to  invefligate  the  nature  of  Do6for  James’s  powder, 
and  prefented  by  him  to  this  focietv,  very  little  remained  to 
be  effe&ed  or  defired  towards  a  further  knowledge  of  the  fub- 
je£fc.  But  thofe  very  experiments  ferved  to  fuggeft,  that  the 
mode  of  preparation  was  far  from  being  the  beft  that  the  pre- 
fent  improved  ftate  of  chemical  knowledge  might  afford ;  and 
that,  in  all  probability,  a  lefs  defe&ive  compofition  might 
refult  from  a  procefs  more  conformable  to  fome  improve¬ 
ments,  which  of  late  have  been  advantageoufly  applied  to 
pharmaceutic  chemiflry. 

It  may  be  Jaid  down  as  a  general  principle,  that,  in  deli¬ 
cate  experiments,  whether  analytical  or  fynthetical,  fire  (that 
potent  and  once  believed  to  be  univerfal  agent)  is  too  preca¬ 
rious  in  its  means,  and  too  uncertain  in  its  application,  to  be 
employed  with  full  and  conftant  fuccefs.  And,  if  it  is  Rill 
recurred  to,  the  advantage  of  promptnefs,  and  a  remnant  of 
antient  cuftom,  are  the  principal  reafons.  But,  where  other 
methods  can  be  devifed  to  effect  the  fame  combinations,  (and 
the  humid  way  offers  many,)  every  perfon  converfant  in  che¬ 
mical  knowledge  will  allow  the  benefit  of  adopting  them. 
The  recent  improvement  in  the  mode  of  preparing  calomel, 
is  a  ftriking  example  of  fuch  falutary  corredtions  being  fuc- 
cefsfully  introduced. 

A  few  obfervations  upon  the  formula  according  to  which 
Pr.  James’s  powder,  or  the  pulvis  antimonialis ,  is  prepared, 
and  upon  fome  properties  of  antimony,  will  place  this  affertion 
in  a  more  prominent  point  of  view. 

In  order  to  prepare  this  powder,  we  are  told  to  take  equal 
weights  of  bone  or  hartfhorn  (havings  and  crude  antimony, 
and  calcine  them  together,  at  a  high  temperature :  in  other 
words,  to  take  phofphate  of  lime,  which  already  contains  a 
great  excefs  of  lime,  and  add  to  it  an  oxide  of  antimony.  In 
this  procefs,  it  has  been  fuppofed,  that  the  phofphoric  acid 
of  the  bone  or  hartfhorn  will  faturate,  not  only  the  lime  with 
which  it  was  originally  combined,  but,  in  addition  to  it,  a 
new  portion  of  metallic  oxide,  and  a  new  portion  of  lime. 
For,  what  little  fulphuric  acid  might,  during  the  procefs, 

*  From  the  Pkihjbpbjccd  Tranfatthns  for  jS'oi. 
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have  been  formed  by  the  combuftion  of  the  fulphur  of  the 
crude  antimony,  is  diffipated  at  a  much  lower  temperature 
than  that  to  which  the  powder  is  expofed. 

Every  oxide  of  antimony  with  which  we  are  acquainted  is 
volatile  at  a  high  degree  of  heat :  it  would  therefore  be  ha¬ 
zardous  to  atTert,  that  it  is  pollible  to  preferve  always  the 
fame  proportion  of  antimony,  whatever  care  may  be  em¬ 
ployed  in  direfting  the  operation ;  and  a  diflkmlarity  in  the 
chemical  refill  t  mu  ft  neceftarily  be  attended  with  uncertainty 
in  the  medical  application. 

To  this  property  may  be  added  another,  no  lefs  conducive 
to  error.  That  portion  of  oxide  of  antimony  which  is  not 
volatilized,  becomes,  in  a  great  meafure,  infoluble  in  all  the 
acids.  What  the  effect  of  the  gaftric  juice  may  be  upon  a 
lubftance  which  refills  the  aClion  even  of  nitro-muriatic  acid, 
it  is  not  my  purpofe  to  determine.  It  is  fufficient  for  me  to 
fay,  that,  as  the  quantity  of  infoluble  matter  in  a  given  quan¬ 
tity  of  Dr.  James's  powder,  prepared  at  different  times,  may 
vary,  the  effect  of  any  dole  alfo  may  differ  according  to  the 
proportions  of  fallible  and  infoluble  matter. 

I  look  upon  it  as  a  fortunate  cireum ft ance,  that  thofe  ex¬ 
periments  and  obfervations  which  I  mentioned  in  the  begin¬ 
ning  of  this  paper,  exifted  as  a  ftandard  to  which  I  might 
refer  my  own  attempts,  and  by  which  I  might  eftimate  their 
validity.  Dr.  Peari’on  has  proved,  (as  by  my  own  experi¬ 
ments  I  have  found,)  that  in  Dr.  James’s  powder  about 
28  per  cent,  refifted  the  action  of  every  acid.  I11  examining 
fome  of  the  pulv’is  antbnonialis  of  the  London  pharmaco¬ 
poeia,  I  found  the  average  quantity  of  infoluble  matter  to  be 
about  44  per  cent.  This  proportion,  however,  was  liable  to 
contiderable  variation 

The  powder  here  treated  of  is  denominated  by  Dr.  Pearfon 
a  triple  fait,  or  a  real  ternary  combination  of  a  double  bafts 
(lime  and  antimony,)  with  phofphoric  acid.  What  I  have 
mentioned  with  regard  to  the  quantity  of  acid  contained  in 
bone  or  hartfhorn,  as  being  too  fmall  to  faturate  a  new  por¬ 
tion  of  thefe  bafes,  may  throw  fome  doubts  upon  the  poftU. 
bility  of  any  fuch  combination  in  the  prefent  cafe.  But  I 
have  made  fome  more  direct.  experiments,  which  tend  to 
prove  that  no  fuch  combination  does  exift. 

I  took  fome  white  oxide  of  antimony,  (formerly  called. 

*  I  find,  from  the  information  of  feveral  medical  gentlemen,  that  the 
pul-vis  antimokialis  is  generally  confidercd  as  fironger  than  Dr.  James’s 
powder.  This  fee  ms  rather  extraordinary,  when  we  confider  that  the 
quantity  of  infoluble  matter  ft  greater  in  the  former  than  in  the  latter ; 
and  would  almolt  lead  usao  fufpecl  it  to  be  the  adtiye  part  of  the  medicine. 
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algaroth  powder ,)  precipitated  by  water  from  muriate  of  an-* 
timony,  and  heated  it  for  a  long  time  with  phofphoric  acid. 

I  decanted  the  liquor,  and  waflied  the  powder  that  remained. 
No  antimony  could  be  found  in  the  liquor,  nor  could  any 
traces  of  phofphoric  acid  be  detected  in  the  refiduarv  oxide  of 
antimony.  I  then  took  a  tolution  of  muriate  ot  antimony, 
and  divided  it  into  two  equal  parts  :  into  one  I  poured  di- 
ftilled  water ;  and  into  the  other,  a  folution  of  phofphate  of 
foda.  In  each  liquor,  a  copious  precipitate  was  formed ; 
which  precipitates,  after  being  well  wafhed,  were  dried.  1  he 
weight  cf  both  was  the  fame;  whereas  it  is  evident  that, 
had  any  phofphoric  acid  been  combined  with  the  oxide,  there 
would  have  been  an  augmentation  of  weight  in  that  which 
was  precipitated  bv  the  folution  of  phofphate  of  foda.  This 
precipitate  likewife,  upon  examination,  gave  no  traces  of 
phofphoric  acid.  From  thefe  experiments  it  appears  that  there 
exifts  no  combination  which  can  be  denominated  a  phofphate 
of  antimony* 

To  attempt  an  explanation  of  the  real  nature  of  the  powder 
here  fpoken  of,  I  had  recourfe  to  fome  experiments  of 
M.  Berthollet.  By  detonating  fulphuret  of  antimony  and 
nitrate  of  potafh  in  a  crucible,  he  obtained  a  mafs,  which  he 
reduced  to  powder,  and  wafted.  The  liquor  gave,  upon  eva¬ 
poration,  a  cryftallized  fait,  which  M.  Berthollet  terms  an 
antimomate  of  pota/Jj.  I  never  could  fucceed  in  any  attempt 
to  form  a  fimilar  combination  between  the  above  white  oxide 
of  antimony  and  potafh,  owing,  I  believe,  to  the  fmall  quan¬ 
tity  of  oxvgen  contained  therein,  compared  with  that  which 
is  combined  with  the  oxide  obtained  by  detonation.  I  cam 
not  therefore  fav,  that  the  powder  in  qu  eft  ion  is,  in  any  de¬ 
gree,  what  M.  Berthollet  would  call  an  antimoniate  of  lime. 

Butbe  the  ftate,  whether  of  mixture  or  of  combination, 
what  it  may,  my  purpofe  is  to  endeavour  to  produce  a  iub- 
ftance  which,  from  its  more  certain  mode  of  preparation, 
may  be  more  equal  and  conflant  in  its  effects  * 

Diffolve,  together  or  feparately,  in  the  lealt  poffible  portion 
of  muriatic  acid,  equal  parts  of  the  forementioned  white  ox¬ 
ide  of  antimony  and  of  phofphate  of  lime  #*  Pour  tiiis  iolu- 

tion 

*  In  order  to  procure  the  phofphate  of  lime,  I  diffolvcd,  in  muriatic 
acid,  a  quantity  of  calcined  bone,  and  precipitated  by  ammonia,  in  its  ftate 
of  greateft  caufticity.  By  this  means,  the  excefs  of  muriatic  acid,  which 
held  in  folution  the  phofphate  of  lime,  is  faturated,  and  the  phofphate  is 
precipitated  ;  but  no  muriate  of  lime  is  decomppfed,  if  the  ammonia  is 
quite  free  from  carbonic  acid.  This  is  the  moft  diredt  method  of  obtain¬ 
ing  phofphate  of  lime  pure.  This  fait  is  not  decompofed,  as  lome  have 
aftbrted,  by  muriatic  acid,  but  merely  diffolved  by  it.  I  have  been  in¬ 
duced 
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tiori  gradually  into  diftilled  water,  previoufly  al kali z ate d  by  a 
lufficient  quantity  of  ammonia.  A  white  and  abundant  pre¬ 
cipitate  will  take  place,  which,  well  wafhed  and  dried,  is  the 
fubftitute  I  propofe  for  Dr.  James’s  powder. 

The  theory  of  this  precipitation  is  fo  clear  and  fimple  that 
it  does  not  require  any  comment.  It  may  be  ufeful,  how¬ 
ever,  to  thofe  who  wifh  to  make  this  preparation,  to  remark, 
that  it  is  absolutely  neceffary  that  the  folution  of  phofphate 

lime  and  of  oxide  of  antimony,  in  muriatic  acid,  fhould, 
after  being  well  mixed,  be  poured  into  the  alkaline  liquor , 
m  order  to  obtain  a  precipitate  homogeneous  throughout  tjie 
operation.  For,  fhonld  the  alkaline  liquor  be  poured  into  the 
acid  folution ,  the  water  of  the  former  would  act  upon  the 
entire  mafs  of  oxide  of  antimony,  while  the  alkali  would  pre¬ 
cipitate  the  phofphate  of  lime  only  as  it  faturated  the  acid 
which  held  that  fait  in  folution  :  thus  the  precipitate  would 
contain  more  antimony  in  the  beginning;  and,  towards  the 
end,  the  phofphate  of  lime  would  be  predominant.  For  the 
tame  reaton,  too,  a  pure  alkali  is  preferable  to  its  carbonate ; 
for  the  carbonic  acid  difengaged  would  retain  in  folution  a 
portion  of  phofphate  of  lime. 

Whether  this  competition  be  a  chemical  combination  or 
a  mixture,  I  will  not  take  upon  me  to  determine;  but,  for 
the  reafons  above  mentioned,  in  fpeaking  of  Dr.  James’s 
powder,  I  belive  it  to  be  merely  a  very  intimate  mixture.  At 
all  events,  it  mu  ft  be  more  homogeneous  than  any  that  ean 
be  prepared  in  the  dry  way.  It  is  entirely  foluble  in  every 
aval  that  can  diflblve  either  phoiphate  of  lime  or  oxide  of 
antimony  feparateiy;  and,  to  have  it  conftantly  and  uniformly 
•the  lame,  no  further  addrefs  in  preparing  it  is  required,  than 
to  avoid  the  errors  l  have  mentioned. 

As,  after  home  medical  Dials  of  the  powder,  it  was  fuo> 
gefled  to  me,  that  it  ought  be  advantageous  to  render  it 
iomewhat  ftronger,  I  prepared  another  portion,  bv  taking  two 
parts  of  oxide  of  antimony  and  but  one  of  phofphate  of  lime, 
and  precipitating  as  above  deferibed.  The  medicinal  power 
was  then  confiderably  increafed. 

Dr.  James’s  powder  is  a  medicine  which  has  been  fo  long 
m  ule,  and  is  fo  defervedly  ranked  among  the  moft  valuable 
we  potfefs,  that  every  attempt  to  render  the  procefs  for  prepar¬ 
ing  it  more  fimple  and  more  certain,  mult  be  allowed  to  be  of 

duced  to  Hate  fully  thefe  particulars,  becaufe,  from  the  beneficial  effects 
of  this  fait  in  the  treatment  of  rachitis,  as  propofed  by  M.  Bonhomm?, 
{Annates  de  Cbimle,  vol.xviii.  p.  r  r  3 , )  it  may  become  of  general  ufe.  The 
oxide  of  antimony,  I  obtained,  by  precipitating,  by  water,  the  common 
butter  of  antimony  of  the  fiiops. 


feme 


112  On  the  Quantity  of  Sulphur 

fome  importance.  But  whatever  reafon  there  was  to  think* 
by  arguing  upon  its  chemical  properties,  that  I  had  really 
fucceeded  in  improving  its  medicinal  virtues,  it  (till  remained 
to  be  proved,  by  actual  experiment,  that  the  hoped-for  fuccefs 
was  ne  t  merely  conjectural.  To  alcertam  this,  1  gave  fome 
of  niv  powder  to  Dr.  Crichtoq,  Dr.  Babington,  and  Mr. 
Aberr.ethy;  gentlemen  whofe  extend ve  practice  and  acknow¬ 
ledged  fkiil  fuffieiently  enabled  them  to  judge  of  its  medical 
properties.  They  all  concur  in  opinion,  that,  in  its  general 
effects,  it  agrees  with  Dr.  James’s  powder  and  the  pul-vis  an- 
timonialis  ;  but  that  it  is  more  mild,  and  consequently  may 
be  given  in  larger  quantities,  feldom  producing  naufea  or 
vomiting  in  dofes  of  lefs  than  eight  or  ten  grains. 


XVI IF.  OhJervations  and  Experiments  undertaken  with  a 
View  to  determine  the  Quantity  of  Sulphur  contained  in 
Sulphuric  Acid ;  and  of  this  latter  contained  in  Sulphates 
in  general.  By  Richard  Chenevix,  Efq.  F.R.S+ 
M.R.I.A * 

In  a  paper  which  I  had  the  honour  to  prefent  to  the  Royal 
Society  of  London,  and  the  fubjedt  of  which  was  the  analyfis 
of  fome  arfeniates  of  copper  and  of  iron,  1  had  occafion, 
in  examining  many  pvrites,  matrices  of  thofe  ores,  to  remark 
the  very  great  inequality  which  prevailed  in  the  refults  of  re¬ 
peated  experiments,  made  with  a  view  to  determine  the  pro¬ 
portion  of  lulphur.  But  I  foon  perceived  that  the  inaccuracy 
was  caufed  bv  a  partial  combuftion  and  acidification  of  the 
radical,  through  the  means  of  the  nitric  acid  employed  to 
diflblve  the  ore. 

Having  therefore,  in  the  ufual  manner,  afeertained  what 
quantity  of  that  ingredient  remained  untouched,  I  was  forced 
to  feek  ihe  reft  of  it  in  the  liquor  which  had  waflied  the  va¬ 
rious  precipitates.  To  obtain  it,  I  poured  a  folution  of  ni¬ 
trate  of  barytes  into  thofe  wafhings  when  all  the  other  fub- 
ftances  had  been  carefully  feparated,  and  was  thereby  enabled 
to  precipitate,  in  a  hate  of  purity,  the  fulphate  of  barytes, 
formed  by  that  earth,  and  by  the  portion  of  fulphur  origi¬ 
nally  acidified  in  the  firft  treatment  of  the  ore  by  nitric  acid. 
To  come  at  the  knowledge  of  the  proportion  of  fulphur  con¬ 
tained  in  a  given  quantity  of  fulphate  of  barytes,  I  had  re- 
cohrfe,  in  the  firft  inftance,  to  the  quantity  of  fulphur  faid 
bv  Lavoifier  to  be  contained  in  fulphuric  acid;  and,  in  the 

*  From  the  Tranf all  ions  of  the  Royal  Irijh  Academy. 
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next,  to  the  proportions  of  the  latter,  announced  in  the  fy- 
noptic  tables  of  Fourcroy,  as  entering  into  the  compofition 
of  fulphate  of  barytes.  According  to  the  former  of  thofe 
chemifts,  ioo  parts  of  fulphuric  acid  contain  71  of  fulphur 
and  29  of  oxygen;  and  again,  in  adopting  the  propor¬ 
tions  of  the  latter,  we  have  33  per  cent,  of  acid  in  fulphate 
of  barytes.  But  if  100  contain  71  of  fulphur,  33  muft  con¬ 
tain  23.43.  Confequently,  for  every  100  parts  of  fulphate 
of  barytes,  I  was  to  allow  23.43  of  fulphur.  But,  by  the 
rcfults  of  my  analyfes,  I  had  fuch  quantities  of  fulphate  of 
barytes  as  induced  me  to  doubt  the  accuracy  of  one  or  other 
of  the  ftatements  by  which  I  eft i mated  the  quantity  of  real 
lulphur  contained  in  the  ore. 

No  perfon  is  better  acquainted  than  our  celebrated  preft- 
dent  with  the  many  'difficulties  that  occur  in  the  analvfis  of 
falts  in  general,  particularly  with  regard  to  the  quantity  of 
real  acid  they  may  contain.  It  has  been  a  work  of  trouble 
to  the  ableft  chemifts,  and  they  have  not  always  agreed  in 
their  relults.  The  proportions  announced  by  Fourcroy  mav 
therefore  be  doubted,  in  common  with  thofe  of  the  other 
learned  operators  to  whom  I  have  alluded. 

The  real  quantity  of  acid  produced  by  the  combuftion  of 
any  acidifiable  bafts,  can  be  determined  by  one  or  other  of 
the  following  methods  only  :  by  diredf  combination  in  fome 
fait,  the  proportions  of  which  are  already  known;  or  by  ob¬ 
taining,  in  a  ftate  perfectly  free  from  water,  the  acid  refult- 
ing  from  fuch  combuftion.  To  the  former  method,  the  ge¬ 
neral  objections  againft  all  analyfes  of  falts  muft  apply.  The 
latter  is  ftill  more  defective.  It  is  by  no  means  certain  that 
we  have  ever  yet  obtained  any  acid  in  a  ftate  of  perfect  ftc- 
city,  unlefs  we  except  the  phofphoric  and  thearfenic;  for 
even  the  cryftallized  vegetable  acids  retain  a  portion  of  water 
in  their  cryftallization.  It  is  not  that  I  abfolutely  deny  our 
having  obtained  them  fo;  but  I  fay  merely  that,  we  have  no 
proof.  It  would  indeed  be  fetting  narrow  bounds  to  the  per¬ 
fection  of  nature  to  aftert,  that  no  comhuftible  body  could, 
when  faturated  with  oxygen,  affiume  of  itfelf  the  ftate  of  li¬ 
quidity  ;  or  that  the  oxide  of  the  particular  fubftance  called 
hydrogen  muft  be  prefent  to  confer  that  property.  Douhtlefs 
fulphuric  acid  may,  as  well  as  water,  contain  in  itfelf  fo  juft: 
a  proportion  of  fpecific  heat,  as  to  remain  liquid  at  the  tem¬ 
perature  of  our  globe,  and  under  the  preffure  of  our  atmo- 
lphere.  But  both  water  and  fulphuric  acid  being  eafily  vola¬ 
tilized,  and  having  a  powerful  affinity  for  each  other,  it  is 
not  eafv,  if  even  pofnble,  by  diftiliation,  to  feparate  them 
with  iufficient  accuracy  in  experiments  of  delicate  inquiry. 
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A  fecond  foarce  of  error,  therefore,  remained  open  in  this 
branch  of  the  calculation,  which  gave  the  proportion  of 
23.43  of  fulphur,  as  that  contained  in  100  parts  of  fulphate 
of  barytes. 

However,  before  I  would  allow  myfelf  to  call  in  queftion 
fuch  authorities  as  thofe  I  have  quoted,  I  inftituted  the  fol¬ 
lowing  experiments: — In  a  tubulated  glafs  retort  I  put  too 
parts  of  purified  fulphur,  and  poured  upon  them  ftrong  nitric 
acid.  A  quilled  receiver,  plunging  into  a  Woulfe’s  appa¬ 
ratus,  was  adapted  to  the  retort;  and  all  being  well  luted, 

I  proceeded  to  diftil.  The  liquor  which  came  over  was 
poured  back  feveral  times  upon  the  fulphur,  until  the  whole 
was  diffolved.  The  water  which  had  come  over,  and  that 
through  which  the  nitrous  gas,  produced  during  the  opera¬ 
tion,  had  pa  fifed,  were  efifayed  for  fulphureous  acid,  and  no 
traces  of  it  could  be  found.  No  fulphur  had  been  vola¬ 
tilized,  therefore  no  fufpieion  could  remain  that  all  was  not 
converted  into  fulphuric  acid.  The  liquors  which  were  in 
the  various  parts  of  the  apparatus  were  united,  and  to  them 
was  added  a  fulficient  quantity  of  nitrate  of  barytes.  The 
whole  was  evaporated  gently ;  becaufe,  though  I  am  well 
acquainted  with  the  very  little  folubility  of  fulphate  of  ba- 
rvtes,  I  well  know  that  nitric  acid  will  retain  a  fmall  portion 
of  it,  particularly  when  formed  in  a  liquor  where  that  acid 
abounds.  In  a  firft  experiment  f  obtained  694  from  100  of 
fulphur;  in  a  fecond,  348  from  50;  and,  in  a  third,  347 
from  the  fame  quantity.  But  the  fimple  rule  of  three  re¬ 
duced  thefie  quantities  to  14.6  or  14.4  per  cent,  of  fulphur 
contained  in  fulphate  of  barytes;  a  difference  wholly  to  be 
neglected.  If,  therefore,  we  take  14.3  as  the  average  for  the 
quantity  of  fulphur  contained  in  100  parts  of  fulphate  of  ba¬ 
rytes,  we  (hall  not  be  far  from  fhe  truth.  From  the  accord¬ 
ance  of  thefe  experiments,  repeated  and  varied,  I  had  now 
no  doubt  but  concerning  the  fource  where  I  was  to  feck  the 
error,  which  gave  23.43  as  the  juft  proportion. 

To  afcertain  this  point,  I  operated  in  the  following  man¬ 
ner : — I  prepared  fome  lime  as  pure,  I  believe,  as  chemical 
means  can  procure  it.  I  digefted  white  marble  in  muriatic 
acid;  and,  by  leaving  an  excels  of  the  earth,  was  certain 
that,  by  the  fuperior  affinity  of  lime  for  that  acid,  nothing 
elfe  had  been  taken  up.  Upon  trying  the  folution  with  am¬ 
monia,  no  precipitate  took  place.  By  means  of  carbonate  of 
potafti,  I  feparated  the  lime  in  the  ftate  of  carbonate;  and, 
after  well  waffling  the  precipitate,  expofed  it  in  a  platina 
crucible  to  a  violent  heat  till  the  weight  no  longer  dimi- 
niftied,  I  am  acquainted  with  no  more  efficacious  method 
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to  prepare  lime  fit  for  the  delicate  purpofes  of  fcientific  che-> 
miftry. 

One  hundred  parts  of  this  lime  were  diffiolved  in  dilute 
muriatic  acid,  in  the  fame  platina  crucible,  previoufly 
weighed ;  and  then  fulphuric  acid  was  added  in  fufficient 
quantity.  Sulphate  of  lime  was  precipitated;  and  the  veffel 
was  expofed  to  a  heat,  at  firft  gentle,  to  evaporate  the  liquor  ; 
and  then,  by  degrees,  raifed  to  a  temperature  which  could 
expel  every  thing  but  the  combined  fulphuric  acid,  and  leave 
the  fulphate  of  lime  completely  calcined.  The  crucible  with 
the  hilt  was  then  weighed,  and  the  augmentation  was  76. 
It  appears  to  me,  that,  if  we  admit  (and  f  fee  no  reafon  that 
we  fhould  not  admit  it)  that  calcined  lime  and  calcined  ful¬ 
phate  of  lime  are  wholly  exempt  from  water,  it  muff  be  clear 
that  the  76  additional  weight  were  fulphuric  acid ;  and  that 
the  fulphuric  acid  mu  ft  in  this  ftate,  more  than  in  any  other, 
approach  nearer  to  what  may  be  termed  abfolutely  real  acid. 
One  hundred  parts  of  calcined  fulphate  of  lime  contain, 
therefore. 


Lime 

Sulphuric  acid 


57 

43 


100 

By  the  former  experiments  (thofe  made  upon  fulphur  con¬ 
verted  into  acid,  and  then  united  to  barytes,)  we  had  the 
quantity  of  fulphur  contained  in  fulphate  of  barytes.  By  the 
latter  (thole  made  by  directly  combining  lime  with  fulphuric 
acid)  we  had  the  proportion  of  real  acid  contained  in  cal¬ 
cined  fulphate  of  lime.  Confequently,  by  knowing  the  ratio 
that  fulphate  of  barytes  bears  to  fulphate  of  lime,  with  regard 
to  the  acid  in  each,  we  {hall  arrive  at  the  knowledge  of  the 
quantity  of  fulphur  contained  in  real  fulphuric  acid.  For 
this  purpofe,  I  attempted  to  diflolve,  in  water,  100  parts  of 
fulphate  of  lime.  But  finding  in  this  method  of  proceeding 
a  confiderable  inconvenience  arifing  from  the  great  quantity 
of  liquor  necelfary  to  effect  the  folution  of  that  fait,  I  had 
recourfe  to  the  following  expedient: — Upon  100  grains  of 
calcined  fulphate  of  lime,  I  poured  fome  oxalic  acid,  which 
attracts  the  bafis  with  an  affinity  fuperior  to  that  exereifed 
by  fulphuric  acid.  Oxalate  of  lime  was  here  formed;  but 
oxalate  of  lime  is  foluble  in  a  very  fmall  excels  of  any  acid. 
A  little  muriatic  acid  operated  a  complete  folution ;  and 
thus  a  great  quantity  of  fulphate  of  lime  required  but  little 
water  to  diflolve  it.  Into  this  liquor,  muriate  of  barytes 
was  poured,  and  fuflfered  to  remain  fome  time,  gently 
heated.  Bv  thefe  means  any  oxalate  of  barytes  that  might 
have  been  formed,  was  retained  in  folution  by  the  original 
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excels  of  acid  ;  and  the  entire  quantity  of  fulphate  of  baryfes- 
was  depofitcd.  Of  the  exadtnefs  of  all  thefe  methods,  which 
I  ufed  as  the  inftruments  by  which  I  afcerjained  thefe  refults, 
T  convinced  myfelf  by  various  preliminary  experiments. 
After  the  ufual  filtration,  w a  filing  and  drying  at  the  gentle 
heat  of  a  fand-batb,  I  obtained  in  one  experiment  185,  in 
another  183,  and,,  laftly,  in  another  180.  This  difference 
does  not  exceed  the  limits  of.  what  all  perfons  converfant  in 
analytic  chemiftry  will  allow  to  experiments  of  this  nature. 
We  may  therefore  take  183.  as  the  mean  proportion  y  confe- 
quently  we  tliall  fay,  that  1 83  of  fulphate  of  barytes  contain  the 
fame  quantity  of  fulphurie  acid  as  100  of  fulphate  of  lime;  and 
183  ;  43  :  ;  ico  ;  23.5.  Therefore  23.5  is  the  proportion  of 
acid  in  100  of  folpha-te  of  barytes-.  But  we  have  before  feem 
that  14.5  of  fidphur,  acidified  by  nitric  acki,  form  that  por¬ 
tion  of  fulphurie  acid  contained  in  100  of  fulphate  of  barytes,, 
yiz.  23.5.  We  mull  now  fay,  that-  23.5  :  14.5  : :  100  :  61.5, 
and  the  fourth  term  will  he  the  proportion  of  fulphur  =  61 .5 r 
which  combined  with  38.5  of  oxygen  will  form  100  of  real 
fulphurie  acid. 

In  neither  of  the  proportions,  whether  it  be  of  the  acid 
contained  in  the  fait,  or  of  the  eombultible  bafis  contained 
in  the  acid7  do- 1  agree  with  the  two  chemifls  whom  I  have 
quoted.  This  jnflly  excited  fome  doubts  in  my  mind,  and  led 
me  to  repeat  my  experiments.  Nor  fhould  I  yet  be  tho¬ 
roughly  fatisfied,  if  I  could  not,  upon  other  grounds  than 
by  fuppofing  inaccuracy  in  them,  account  for  the  apparent 
differences.  We  mull  ever  expert  to  fee  the  errors  of  our 
predeceffors  corrected  by  men  much  inferior  in  abilities,  but 
who,  by  poffeffing  more  certain  means-,  fop  ply  the  want  of 
genius  and  invention.  At  the  time  in  which  the  experi¬ 
ments  were  made  that  determined  the  proportion  of  33  per 
cent,  of  fulphurie  acid  in  fulphate  of  barytes,  it  was  not  known- 
that  we  had  never  obtained  any  barytes-  pure and  that  a 
confiderable  portion  of  carbonic  acid  refifted  the  aCtion  off 
every  degree  of  heat  that  had  been  applied  to  carbonate  off 
barytes.  The  faCt  was,  I  believe,  fir  11  obferved  by.  Pelletier,, 
but  the  method  of  avoiding  the  inconvenience  was  pointed 
out  by  Vauqueiin.  He  decompofes  nitrate  of  barytes  by  fire, 
and  a  moderate  degree  of  heat  is  lufficient  to  expel  all  the  acid 
and  the  water.  The  chemifis  I  have  mentioned  performed 
fynthetic  experiments  by  combining,  directly  or  indirectly, 
fulphurie  acid,  andfoch  barytes  as  they  imagined  to  be  pure. 
The  conllant'  fimilarity  of  their  refults  is  lufficient  to  prove 
the  accuracy  of  their  operations;  but,  working  upon  an  im¬ 
pure  I11  bit  a  nee,,  they  mult  have  been  contented  with  a  fimi¬ 
larity  of  error. 

Three: 
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Three  caufes  mav  exift  which  are  capable  of  accounting 
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lor  any  variation,  whether  in  plus  or  in  minus ,  that  might 
have  appeared  in  the  experiments,  bv  which  Lavoiiier  deter¬ 
mined  tile  quantity  of  fulphuric  acid  obtained  by  the  com- 
bullion  of  fulphur  in  oxygen  gas. 

iff,  A  part  of  the  fulphur  may  be  volatilized  during  eotn- 
buftion. 

2d,  All  the  fulphur  may  not  be  converted  into  fulphuric 
-acid,  but  part  may  remain  in  the  ftate  of  fulphureous  acid. 

3d,  In  rectifying,  feme  acid  may  come  over  along  with 
the  water;  or,  vice  verj'd ,  fome  water  remain  with  the  acid. 
1  hefe  confiderations  will  excufe  me  for  having  propofed  a 
doubt,  where  the  authority  of  fo  great  a  man  exifts  a  gain  ft 
the  experiments  which  1  have  related. 

The  method  which  1  had  ufed  to  ascertain  the  quantity 
of  fulphur  in  an  ore  had  been  p  radii  fed  by  Taflaert  ( Annales 
de  Chimie ,  No.  82:  Anal  yds  of  Cobalt  from  Tunaberg);  but 
he  calculated  according  to  the  proportions  of  Lavoiiier  and  of 
Fourcroy.  In  another  paper  by  Thenard,  ( Annales  de  Chi- 
mie,  No.  96,)  he  ftates  the  proportions  of  fulphuric  acid,  ob¬ 
tained  by  treating  fulphur  with  nitric  acid,  to  be 
Sulphur  -  -  A5\ 56 

"Oxygen  -  -  44.44 


100.00 

hut  in  the  extract  given  by  Guyton  in  that  number  of  the 
Annales  de  Chimie ,  the  mode  of  operation  is  not  defended. 
‘Calcined  fulphate  of  barytes  is  eftimated  in  the  fame  paper 
to  contain 

Barytes  -  -  74.82 

Sulphuric  acid  -  25 . 1 8 


100.00 

which  proportions  arc  as  near  to  what  I  had  found  as  can  be 
•expected  ;  for  fulphate  of  barytes  does  not  contain  more  than 
3  per  cent,  of  water  of  cryftallization,  and  they  mult  be  de¬ 
ducted  from  the  quintal. 

Having  determined  with  accuracy  the  proportion  of  acid 
m  any  infoluble  fulphate,  it  is  eafy  to  proceed  to  the  deter¬ 
mination  of  that  contained  in  any  other  fulphate.  The  do- 
cimaftic  art,  or  analytic  chemiftry,  in  general,  cannot  how¬ 
ever  expect  to  derive  fuch  advantages  from  the  knowledge  of 
foluble  falts,  as  of  thofe  which,  from  their  infolubilitv, 
may  be  ufed  with  accuracy,  in  delicate  experiments,  to  de¬ 
termine  the  proportions  of  the  conftftuent  parts  of  bodies. 
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But  if  with  this  mode  of  operating  we  compare  the  quan¬ 
tities  of  real  acid,  laid  (in  thofe  excellent  tables  with  which 
Mr.  Kirwan  has  enriched  the  fcience)  to  be  contained  in  ful- 
phuric  acid  of  different  fpecific  gravities,  each  will  fervc  as  a 
proof  of  the  validity  of  the  other  ;  and  perhaps  demonftrate, 
that  fulphuric  acid,  without  the  intervention  of  water,  may 
enjoy  liquidity  at  the  temperature  and  preflu  re  which  a6t 
upon  our  globe. 


XIX.  Experiments  on  Platina.  By  L.  Proust, 

[Continued  from  p.  55.] 

XI I L  Of  the  CrjJlallization  oj  Solutions  of  Platina. 

m 

JL  H  E  fmall  yellow,  red,  and  fand-like  grains  which  are 
depofited  at  the  bottom  of  the  united  folutions,  and  which 
fometimes  aflume  the  odlaedral  form,  are  generally  taken  for 
muriate  of  platina.  The  quantity  of  thefe  cryftals,  which  is 
always  very  fmall,  does  not  increafe  by  concentration;  which, 
however,  ought  to  be  the  cafe,  if  thefe  cryftals  were  really 
muriate  of  platina.  No  more  of  them  appear  in  folutions 
from  which  they  have  been  once  feparated  ;  and  their  fepa- 
ration  is  even  complete  a  long  time  before  the  moment  when 
the  real  muriate  of  platina  begins  to  cryftallize. 

Thefe  cryftals  are  a  double  fait,  compofed  of  muriate  of 
platina  and  potafh,  as  will  be  feen  hereafter  :  they  are  formed 
from  the  fmall  quantity  of  potafh  which,  by  the  inadvertency 
of  the  workmen,  remains  in  the  neck  of  the  retorts,  when 
preparing  nitric  acid,  and  from  that  alfo  which  is  carried 
over  in  the  diftillation  itfelf;  for  nitre  is  always  found,  after 
the  rectification  of  aquafortis,  at  the  bottom  of  the  retorts. 
The  greater  part  of  thofe  who  have  operated  on  platina 
having  in  general  employed  the  acids  fold  in  the  fbops,  we 
need  not  be  furprifed  that  they  fhould  have  found  cryftalline 
depofits  of  the  kind  here  alluded  to,  and  that  none  of  them  are 
ever  feen  in  folutions  made  on  purpofe  with  acids  well  purified, 

If  fome  of  thefe  cryftals  be  heated  in  a  glafs  tube  clofed  at 
one  end,  their  nature  may  be  foon  diftinguifhed  ;  becaufe  the 
muriatic  acid,  charged  with  the  oxygen  of  the  metal,  is  vo¬ 
latilized  in  gas ;  while  the  platina,  reduced  to  the  metallic 
ftate,  and  mixed  with  the  muriate  of  potafh,  remains  at  the 
bottom  of  the  tube. 

Lfe-wis,  in  my  opinion,  is  the  only  perfon  who  has  accu¬ 
rately  obferved  the  eryftallization  of  platina,  The  folution 
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was  accidentally  at  that  degree  of  faturation  which  could 
conduct  to  this  difcovery ;  and  this  circumhar.ce,  as  will  he 
feen,  is  the  firft  of  thofe  neceffary  for  the  fuccefs  of  the  eryf- 
tallization  in  qu eft  ion. 

The  fecond  Condition  confifts  in  not  leaving  an  excefs  of 
acid  5  and  this  Lewis  accompliihed ;  for  he  lays  (p.  148) 
that  the  favour  of  thefe  crvftals  was  harlh  and  difagreeable, 
but  much  lefs  corrofive  than  he  expected,  on  account  of  the 
great  quantity  of  acid  which  he  had  employed.  Indeed,  if 
this  folution  be  prepared  in  the  fame  manner  as  prepared  by 
Lewis,  it  will  be  found  to  have  the  favour  of  four  vegetables; 
and  whatever  difagreeable  tafte  it  has,  arifes  from  the  iron 
and  copper. 

The  muriate  of  platina,  when  pure,  eafily  cryftallizes; 
but  it  is  difficult  to  make  it  cryftah’ize  when  it  is  united 
with  foreign  muriates  not  fufceptible  of  crvftallization,  and 
which  oppofe  this  tendency.  In  this  there  is  nothing 
which  difti no-uifties  it  from  the  1110ft  crvftallizable  falts,  and 
therefore  we  mu  ft  endeavour  to  difeover  means  for  difen- 
gaging  it  from  thefe  obftacles.  We  ftiall  now  examine 
thofe  which  may  remove  the  excefs  of  acid  from  a  folution 
of  platina. 

Every  folution  which  has  been  fubjedled  to  ebullition  and 
concentration  is  not  charoed  with  muriatic  acid,  and  the 
caufe  may  be  eafily  perceived  :  but  the  cafe  is  not  the  fame 
with  the  nitric  acid,  which  fufFers  itfelf  to  be  concentrated ; 
and  though  it  is  not  attra&ed  by  the  oxides,  which  the  mu¬ 
riatic  acid  feizes  upon  exclufively,  it  adheres  to  them  with 
fufficient  force ;  but  if  it  be  difficult  to  expel  it,  it  may  be  eafily 
decompofed. 

To  accomplifh  this,  a  little  muriatic  acid  and  crude  platina 
muft  be  added  to  the  folution  before  it  be  diftilled.  This 
acid,  which  cannot  a£fc  upon  the  platina  until  it  has  been 
oxidated,  at  the  expenfe  of  the  nitric  acid,  determines  the 
deeompofition  of  the  latter,  and  facilitates  the  reparation  in 
the  form  of  nitrous  gas.  This  operation  may  be  repeated, 
and  when  no  more  gas  appears  you  may  be  allured  that  you 
have  a  folution  di  fen  gaged  from  every  excefs  of  acid.  When 
the  folution  is  brought  to  this  term,  nothing  but  muriates 
different  from  that  of  platina  can  retard  the  crvftallization  : 
thefe  muriates  are  thofe  of  copper  and  iron  oxydated  to  a 
maximum . 

To  feparate  them,  it  is  indifpenfably  neceffary  to  concen¬ 
trate  the  folution  in  fuch  a  manner,  that  it  may  form  in 
cooling  a  mafs,  which  moulds  itfelf  in  the  retort,  but  of  fuch 
a  confidence,  that,  when  placed  on  its  fide,  it  ftiall  fuffer  a 
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portion  of  the  liquor  to  efcape.  If  the  concentration  has 
not  come  to  that  point,  and  if  the  refiduum  prefects  only  a 
thick  fubftance  like  honey,  it  muft  be  again  placed  over  the 
fire.  But  if  it  has  been  carried  too  far;  that  is  to  fay,  if  the 
feparation  of  the  liquid  part  cannot  be  effected,  you  muft 
then  add  to  the  mafs,  which  we  here  fuppofe  to  be  four  or 
five  pounds,  fome  fpoonfuls  of  water,  and  rediffolve  it  by  the 
help  of  heat  and  ebullition.  This  method,  which  is  very 
eafy  for  thofe  acquainted  with  the  practice  of  the  laboratory, 
is  the  fame  as  that  employed  for  refining  fugar,  and  fepa- 
rating  from  it  the  molaft'es. 

After  having  furmounted  this  obftacle,  the  reft  becomes 
eafy.  Nothing  then  is  necefiary  but  to  add  a  quantity  of 
water  nearly  equal  to  the  volume  of  the  muriates  that  have 
thus  been  feparated ;  to  expofe  the  whole  to  heat;  to  fuffer 
the  retort  to  cool  in  the  furnace ;  and  to  proceed  to  two  or 
three  fucccftive  diftillations,  to  feparate  the  cryftals  of  the 
muriate  of  platina. 

This  method  has  a  double  objedt — the  cryftailization  of 
the  muriate,  and  its  purification.  It  is  evident,  and  cannot 
be  doubled,  that,  by  repeating  this  procefs  a  fufficient 
number  of  times,  platina  may  be  as  completely  purified 
as  by  any  of  the  other  means  hitherto  known.  But  while 
we  admit  all  the  utility  of  this  method,  we  muft  allow  that 
it  is  tedious  and  troublefome,  both  in  regard  to  the  cryftal- 
lization  of  the  muriate,  and  its  purification.  The  others 
therefore,  in  our  opinion,  ought  to  be  preferred;  for,  to 
obtain  the  cryftals  with  the  greateft  eafe,  it  will  be  fufficient 
to  concentrate  a  folution  of  platina  purified  by  a  procefs 
which  we  fhail  fpeak  of  hereafter.  If  any  one,  however, 
wiflies  to  carry  this  method  of  purification  to  the  higheft 
degree,  he  mav  be  certain  of  having  attained  to  it  hv  making 
the  following  experiment : 

Diffolve,  in  a  certain  quantity  of  water,  a  little  of  this  mu¬ 
riate,  and  try  it  with  ammonia.  If  the  common  yellow  pre¬ 
cipitate  of  the  red  oxide  of  iron  be  obtained,  there  {till  re¬ 
mains  fome  muriate  of  the  latter  combined  with  the  platina  ; 
but  the  muriate  of  platina  is  pure  if  no  precipitate  manifefts 
itfelf. 

It  is  of  importance  that  the  folution  fhould  be  well  di¬ 
luted,  otherwise  the  ammonia  would  form  with  the  platina 
that  k;nd  of  faline  precipitate  which  is  produced  by  the  mu¬ 
riate  of  ammonia. 

At  the  moment  of  their  concentration  thefe  folutions  of 
platina  experience  a  bubbling,  which  would  endanger  the 
retort  if  the  perfon  who  conducts  the  operation  perfifted  in 

continuing 
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continuing  the  fire.  Thefe  movements  arife  from  the  union 
of  a  yellow  powder,  which  as  yet  is  only  the  potafhed  mu¬ 
riate  of  platina  of  which  we  have  juft  fpoken,  and  which  it 
is  indifpenfably  neceflary  to  feparate.  In  regard  to  the  moil 
expeditious  means  of  heating  a  retort  which  contains  12  or 
15  pounds  of  matter,  and  of  maintaining  the  heat,  a  fupport 
of  wire  ought  to  be  preferred  to  fand-baths,  which  I  have  long 
baniftied  from  my  laboratory,  even  in  the  preparation  of 
tether,  the  replication  of  acids,  8cc. 

But  when  it  is  neceflary  to  operate  on  a  great  fcale  with  a 
certain  number  of  veflfels,  it  is  evident  that  fand-baths  placed 
in  a  row  in  a  gallery  will  in  this  cafe  be  attended  with  more 
certainty. 

XIV.  Of  the  Oompofition  of  the  Nitro-muriatic  Acid  for  the 

Solution  of  crude  Vlatina. 

No  author  has  faid  any  thing  pofitive  in  regard  to  the  pro¬ 
portions  which  will  yield  the  lirongeft  nitro-muriatic  acid 
for  this  kind  of  labour.  This  uncertainty,  which  flopped  me 
during  my  firft  refearches,  induced  me  to  endeavour  tp  dif- 
cover  thefe  proportions  by  direP  experiments,. 

As  the  ftrength  of  acids  varies  in  the  different  manufac¬ 
tories,  it  appeared  to  me  proper  to  take  them  at  that  degree 
of  concentration  at  which  they  are  commonly  found  in  the 
fliops.  I  confined  mvfelf  therefore  to  aquafortis  of  35  de¬ 
grees  by  Baume’s  areometer,  and  muriatic  acid  of  25  de¬ 
grees,  without  giving  myfelf  any  trouble  about  the  nitric  acid 
which  might  be  prefent  in  the  muriatic  acid,  or  the  iron  and 
the  fulphuric  and  fulphurous  acids  with  which  common  mu¬ 
riatic  acid  is  often  contaminated  :  for,  if  I  had  employed  in 
my  refearches  rectified  acids,  it  is  evident  that  my  refults 
could  not  be  applied  but  with  reftriPon  to  operations  011 
platina  on  a  large  fcale,  in  which  cafe  it  will  always  he  ne¬ 
ceflary  to  employ  the  acids  of  commerce. 

Exper.  I.  One  pound  of  nitro-muriatic  acid,  compofed  of 
8  ounces  of  nitric  acid  and 
8  ounces  of  muriatic  acid, 

diflolved  13  drams  of  platina  out  of  24  which  I  employed. 

Ex per.  II.  Nitro-muriatic  acid,  compofed  of 
8  ounces  of  nitric  acid  and 
10  ounces  of  muriatic  acid, 
diflolved  [5  drams  of  platina. 

Exper .  Ill;  An  acid,  compofed  of 

4  ounces  of  nitric  acid  and 
10  ounces  of  muriatic  acid, 
diflolved  *7  drams  and  34  grains  of  platina. 

Exper. 
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Exper.  I  Vi  An  acid,  compofed  of 

2  ounces  of  nitric  acid  and 
H  ounces  of  muriatic  acid, 
diflblved  13  drams  and  38  grains  of  platina. 

Thefe  four  experiments  were  made  at  the  fame  degree  of 
heat;  that  is  to  fay,  in  four  retorts,  difpofed  according  to 
my  mode  on  wire  grates,  and  placed  on  a  furnace.  That  the 
reihlts  may  be  more  eafily  compared,  I  {hall  here  give  them 
in  the  following  table: 


cu  ! Black  crude 
i  platina. 

NTitric  acid 
of  3  30 

Muriatic 
acid  of  i 

Platina  diffolved. 

f .  i  6  ounces 

8  ounces 

8  ounces 

13  drams 

IT.  6  ounces 

6  ounces 

10  ounces 

15  drams  24  grains 

If I.  1 6  ounces 

| 

4  ounces 
r 

• 

1 2  ounces 

i  7  drams  54  grains 

IV.  !  6  ounces 

2  ounces 

14  ounces 

13  drams  38  grains 

Let  us  now  fee  the  confequences  which  may  be  deduced 
from  this  table. 

1  ft,  In  the  three  firft  experiments  it  is  obferved  that  the 
quantity  of  platina  difTolved  increafes  in  proportion  to  that  of 
the  muriatic  acid,  from  which  it  refults  that  this  acid  is  the 
real  folvent  of  platina. 

2d,  If  we  fuppofe  that  the  twelve  ounces  of  muriatic  acid, 
found  in  the  four  ounces  of  nitric  acid  the  quantity  of  oxy¬ 
gen  neceflary  for  diftblving  the  platina,  it  is  feen  that  a  con- 
liderable  excefs  of  the  latter  was  ufelefsly  expended  in  the 
two  preceding  experiments  ;  that  is  to  fay,  4  ounces  too 
much  in  the  firft,  and  2  in  the  fecond  ;  and,  by  the  fame 
reafon,  the  folutions  of  the  firft  and  fecond  experiments  were 
more  acid  than  thofe  of  the  third  and  fourth. 

3d,  Acids,  the  Itrength  of  which  is  in  a  fimilar  proportion, 
or  nearly  three  parts  of  muriatic  acid  for  one  of  nitric  acid, 
mu  ft  form  the  propereft  proportion  for  diftblving  crude  pla¬ 
tina,  and  confequently  purified  platina. 

4th,  The  fourth  experiment  proves  to  us  that  the  nitric 
acid,  which  was  in  the  proportion  of  only  i-yth  of  the  mu¬ 
riatic  acid,  was  not  able  to  furnifh  to  the  latter  the  quantity 
of  oxygen  neceflary  to  make  it  charge  itfelf  with  all  the  pla¬ 
tina  which  it  ought  to  diflblve;  hence  it  refults,  that  in  this 
laft  proportion  there  .is  a  lefs  folution  of  platina,  and  a  lofs 
of  muriatic  acid. 

5th;  As 
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5th,  As  tbs  muriatic  acid  eonfiitutes  the  Pronged;  part  of 
the  folvent  of  crude  platina,  in  the  commencement  of  the 
labour  care  mud  be  taken  that  the  heat  does  not  attain  to  the 
point  of  ebullition ;  becaufe,  id,  At  that  temperature  the 
muriatic  acid  eafily  acquires  aeriform  expanlion;  2d,  The 
tendency  which  it  has  to  feparate  itfelf  from  the  mixture  is 
dill  ftronger  when  it  begins  to  be  oxygenated.  From  what 
I  have  obferved,  the  folution  ought  never  to  begin  at  a  heat 
fuperior  to  60  or  70  degrees  of  Reaumur  (1350  to  157°  Fahr.), 
and  it  is  then  effected,  without  lofs  of  acid,  with  all  the  ra¬ 
pidity  poffible.  In  a  word,  the  liquor  ought  not  to  be  boiled 
till  the  effervefcence  decreafes. 

The  five  confequences  which  we  have  here  deduced,  and 
which  are  nothing  but  the  refult  of  the  fame  experiments, 
give  us  the  true  principles  of  the  art  of  dilfolving  platina. 

If  we  now  compare  the  proportion  of  platina  with  the 
nitro-muriatic  acid,  we  lhall  find  that  the  quantity  difib] ved 
rifes  fomewhat  above  the  eighth  part  of  the  weight  of  the 
folvent.  This  proportion,  however,  is  fubjedt  to  fome  varia¬ 
tion;  for  the  fame  acid  employed  in  fimilar  circumftances 
diflolves  fometimes  a  lefs  quantity,  though  in  general  it  de¬ 
viates  very  little  from  this  proportion. 

XV .  On  the  Utility  which  may  he  derived  from  the  Products 

of  this  Dijhllation . 

In  operations  on  a  large  fcale,  oeconomy  being  one  of  the 
molt  important  objects,  it  may  be  readily  conceived  that  the 
acid  products  in  queftion  ought  to  be  carefully  colledled,  and 
that  the  concentration  Ihould  be  carried  as  far  as  poffible  to 
jncreafe  thefe  products;  for  the  expenfe  of  thefe  folutions  will 
be  fo  much  more  moderate,  if  the  fame  quantity  of  acids  can 
be  employed  for  a  greater  quantity  of  platina.  That  I  might 
be  better  enabled  to  afcertain  the  advantages  in  this  refpedl, 
I  made  the  following  experiment  : 

I  diftilled,  to  the  confidence  of  concrete  honey,  a  {blution 
fimilar  to  that  of  the  third  experiment,  the  product  of  which 
I  carefully  collected  ;  and  by  thefe  means  1  was  enabled  to 
obferve  in  this  operation  three  different  periods. 

I11  the  firf  the  diftillation,  which  began  at  a  heat  of  nearly 
70  degrees  (or  about  150  Fahr.),  was  accompanied  with 
effervefcence  and  a  difengagement  of  nitrous  gas,  which,  as 
Lavoifier  obferv.es,  deferves  to  be  examined,  and  efpecially 
the  moment  when  the  oxide  of  azote  or  azotic  oxide  manifefts 
itfelf. 

In  the  fecond period,  the  effervefcence  was  followed  by  ebul¬ 
lition  ;  and  here  no  nitrous  gas  was  difiinguillied ;  aweakco- 

lourlefs 
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lourlefs  acid  only  is  feen  to  rife,  while  the  folntion  makes  no 
other  progrefs  than  that  of  approaching  towards  concentra¬ 
tion 

.When  the  heat  had  made  the  greater  part  of  the  fuper- 
fluous  liquids  pafs  over  into  the  receiver,  the  nitrous  gas 
again  fhowed  itfelf;  and  it  appeared  to  me  at  this  third  pe¬ 
riod,  that  the  portion  of  the  free  acids,  which  had  attained  to 
a  certain  degree  of  concentration,  exercifed  a  reaction  on  the 
crude  platina.  But  I  loon  perceived  that  I  could  not  depend 
on  this  advantage;  for,  after  having  diluted  in  water  the 
faline  mafs,  to  feparate  the  excefs  of  the  crude  platina,  I 
found  that  the  pound  of  nitro-muriatic  acid  had  di halved 
only  16  drams  and  12  grains  of  platina;  a  quantity  which 
differs  by  more  than  a  dram  from  that  of  the  third  experi¬ 
ment  :  but  notwithstanding  this  variation,  it  is  not,  as  I  have 
faid,  an  eighth  above  the  other. 

The  nitrous  gas  of  this  third  period  gives  us  reafon  to 
believe  that  it  does  not  differ  in  its  origin  from  that  ohferved 
in  the  concentration  of  metallic  nitrates,  when  the  latter  ap¬ 
proach  condenfation.  The  augmentation  of  heat,  therefore, 
onlv  decompofes  a  remainder  of  the  nitric  acid,  from  which 
the  red  vapours  in  queftion  refult. 

Let  us  now  return  to  the  di  {filiation.  The  liquor  found  in 
the  receiver  weighed  jo  ounces  and  1  dram:  it  had  no  co¬ 
lour,  and  by  the  areometer  indicated  only  q  degrees;  while 
the  nitro-muriatic  acid,  which  had  produced  it,  indicated  11 
before  it  was  employed.  The  liquor  is  fometimes  feen  flightly 
coloured,  though  the  operation  may  have  been  conducted 
with  the  ufual  precautions;  becaufe  the  movement  of  the 
ebullition  is  no  doubt  fufficient  to  throw  a  few  drops  of  the 
folntion  into  the  neck  of  the  retort.  This,  on  the  whole,  is 
only  a  little  platina,  as  is  indicated  at  the  moment  by  the 
cinnamon-coloured  precipitate,  occafioned  by  the  hvdro- 
fulphurated  water.  Thefe  acid  products  have  no  fenlible 
aftion  on  the  platina  ;  but,  to  know  the  advantage  which 
ought  to  be  taken  of  them,  I  divided  them  into  two  parts, 
of  live  ounces  and  half  a  dram  each. 

I  added  to  one  of  thefe  parts  2  ounces  of  muriatic  acid, 
to  the  other  an  equal  quantity  of  nitric  acid ;  and  thefe  two 
new  mixtures  were  treated,  as  ufual,  with  three  ounces  of  the 
fame  crude  platina. 

The  firft  difl'olved  4  drams  and  16  grains  of  platina,  which 
would  have  approached  8f  drams  if  I  had  employed  the 
10  ounces  and  1  dram  of  the  product  with  the  addition  of 
4  ounces  of  muriatic  acid. 

The  fecond  could  diffolve  only  48  grains,  that  is  to  fay, 

I  dram 
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I  dram  and  24  grains,  had  I  employed  the  fame  produdt 
with  the  addition  of  4  ounces  of  nitric  acid.  Let  us  now 
examine  the  confequences  which  may  be  deduced  from  thefe 
ref  ults. 

If  we  fuprpofe  that  the  fir  ft  mixture  could  diflolve  8  drams- 
and  a  half  of  platina,  the  muriatic  acid  added  mufl:  have  found 
a  fnfficient  quantity  of  nitric  acid  to  oxygenate  it;  but  4  ounces 
of  my  muriatic  acid  not  being  able  to  diflolve  fo  ftrong  a 
dofe  of  platina,  it  thence  follows  that,  m  the  total  product  of 
the  diftillation,  there  muft  have  been  prefent  two  ounces,  at 
lead,  of  the  fame  acid.  Since  12  ounces  of  muriatic  acid 
were  indeed  employed  in  the  third  experiment  to  diflolve 
17  drams  of  platina,  it  is  evident  that  to  diflolve  the  half  of 
this  quantity,  or  8 '  drams,  6  ounces  of  the  fame  acid  would 
have  been  required ;  and  fi nee  we  had  in  the  receiver  the 
quantity  of  2  ounces  of  muriatic  acid,  there  is  no  doubt  that 
there  remained  in  the  retort  about  10:  in  a  word,  that  thefo 
10  ounces  of  acid  at  15  degrees,  (Lengthened  by  the  oxygen 
of  the  nitric  acid,  can  only  diflolve  16  or  17  drams  of  black 
crude  platina. 

Let  us  now  proceed  to  a  yal nation  of  the  nitric  acid  which 
might  he  contained  in  the  product  of  our  did  illation. 

It  is  feera  by  the  third  experiment  that  12  ounces  of  mu» 
riatic  acid  require  not  lei's  than  4  ounces  of  nitric  acid  to 
enable  it  to  diflolve  17  drams  of  platina.  There  were  there¬ 
fore  2  ounces  at  kail  in  (he  product  of  our  diftillation,  fince* 
with  the  affiftance  of  4  ounces  of  muriatic  acid  added,  it  could 
have  diflolved  8,1  drams  of  platina,  of  the  half  of  17. 

It  thence  follows^  that  there  pafs  into  the  receiver,  during- 
the  whole  courfe  of  the  diftillation  made  with  the  propor¬ 
tions  of  the  third  experiment,  nearly  2  ounces  of  nitric  acid 
at  3.5°,  and  an  equal  quantity  of  muriatic  at  150,  diluted  in 
6  ounces  1  dram  of  water;  which  quantities,  united,  form 
the  produhf,  being  10  ounces  1  dram.  It  thence  refults 
alfo,  that  the  17  drams  were  really  diflolved  by  10  ounces  of 
muriatic  acid,  oxygenated  by  the  decompofttion  of  only  2  out 
©1  the  4  ounces  of  nitric  acid  employed.  Should  it  however 
be  afked,  on  feeing  this  eftimate,  why  16  or  17  drams  of 
platina  could  not  be  diflolved  in  a  mixture  of  jo  ounces  of 
muriatic  acid  and  2  ounces  of  nitric  acid  ?  we  reply,  that  the: 
heat  neceflary  to  aftift  the  ahtion  of  this  folvent  may  have 
loon  changed  the  proportions  of  the  composition  of  the  acid, 
as  in  the  experiment  we  have  analyfed. 

In  regard  to  the  flrft  acid,,  formed  by  the  produ6t  of  the 
diftillation,  it  is  certain  that  it  contains  a  fufficient  quantity 
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of  nitric  acid  to  oxygenate  the  2  ounces  of  muriatic  acid 
which  we  found  in  it :  but  the  great  quantity  of  water  ill 
which  they  are  diluted  deft roys  all  their  adftion;  and  if  the 
addition  of  4  ounces  of  nitric  acid  reftores  to  them  fome 
ffrength,  it  is  only,  in  all  probability,  becaufe  that  quantity 
of  acid  augments,  to  a  certain  degree,  the  concentration  of 
the  muriatic  acid. 

From  thefe  data  let  us  try  to  determine  what  is  the  largeft; 
quantity  of  platina  that  can  be  diflblved  in  nitro-muriatic  acid 
prepared  according  to  the  proportions  above  indicated. 

To  diffol  ve  firft  the  17  drams  and  54  grains,  and  then  the 
8  drams  and  32  grains,  making  together  26  drams  and  14 
grains,  we  employed  12  ounces  of  muriatic  acid  and  4  of 
nitric  acid,  and  afterwards  4  ounces  of  the  former,  that  is  to 
fay,  20  ounces  of  mixture  in  the  whole.  Calculation  lliows, 
negle&ing  the  14  grains  of  platina,  more  or  lei’s,  that  only 
5  pounds  11  ounces*  of  nitro-muriatic  acid  are  requifite  to 
diffol  ve  a  pound  of  black  crude  platina,  which  is  that  I  em¬ 
ployed  in  thefe  experiments.  If  we  confult  the  chemifts,  we 
fnall  find  that  the  greater  part  of  them  have  fixed  at  16  parts 
the  quantity  of  nitro-muriatic  acid  which  muft  be  employed 
to  diflblve  one  of  platina.  If  I  am  not  miftaken,  Lewis  and 
count  Sickingen  were  the  only  perfons  able  to  diffolve  it  with 
8  parts  of  folvent.  But  they  were  obliged  to  perform  two 
operations  to  diflolve  that  quantity.  White  crude  platina  is 
the  kind  molt  foluble;  for  I  find,  in  a  note,  that  a  pound  of 
nitro-muriatic  acid,  compofed  according  to  the  proportions 
indicated,  diftblved  18  drams  and  24  grains. 

XVI.  Solution  of  Platina  by  the  Means  of  a  Nitro -muriatic 

Acid  compofed  of  Nitric  Acid  f  at  310  and  Marine  Salt . 

Bergman  found  that  an  acid  compofed  in  this  manner  diL 
folved  platina  exceedingly  well.  It  will  be  feen  by  the  fol¬ 
lowing  experiments  that,  in  an  operation  on  a  great  fcale, 
this  folvent  may  be  preferred  to  thofe  compofed  with  pure 
acids.  1  o  be  able  to  difcover  the  1110ft  advantageous  pro¬ 
portion  of  acid  and  fait,  I  made  a  feries  of  experiments,  but 
I  fhall  give  an  account  of  thofe  only  which  can  throw  light 
on  folutions^  of  this  nature.  As  the  method  of  employing 
this  kind  of  nitro-muriatic  acid  is  not  different  from  that 

*  We  are  here,  no  doubt,  to  underhand  the  Spanifh  pound,  which  is- 
nearly  a  feveoteenth  Ids  than  the  French  pound  ;'but  as  it  is  divided  into 
16  ounces,  or  izS  drams  of  72  grains,  the  proportions  remain  the  fame. 

+  The  degrees  here  mentioned  are  thofe  of  Ba  time's  areometer  ;  31®' 
indicate  afpecific  gravity  of  1*279. 


followed 


Experiments  on  VI alma.  XV] 

followed  by  others,  I  fhall  immediately  proceed  to  a  compa¬ 
rative  table  of  the  refuits  : 


aj 

Q. 

X 

W 

Black  crude 
!  aiina. 

Nitric  acid 
at  3  50 

Marine 

ialt. 

Platina  diffolved. 

1  I. 

! 

6  ounces 

’  6ou  nces 

6  ounces  20  drams  48  grains 
!  D 

II. 

6  ounces 

16  ounces 

7  ounces 

24  drams  12  grains 

III. 

6  ounces 

v  | 

1 6  ounces  8  ounces 

1 

21  drams  52  grains 

IV. 

6  ounces 

1 6  ounces  q  ounces 

21  drams  3.6  grains 

As  the  refult  of  No.  2.  appeared  to  me  the  moft  important, 
I  thought  it  my  duty  to  repeat  if,  and  I  obtained  24  drams 
1 6  grains  of  diffolved  platina. 

In  No.  4.  there  was  an  excefs  of  fca  fait,  which  had  at¬ 
tached  itfelf  to  what  remained  of  the  crude  platina. 

I  made  my  experiments  with  purified  marine  fait;  but  as 
in  operations  on  a  large  fcale  the  common  kind  is  employed, 
I  repeated  them  with  common  fait,  and  found  the  fame  re¬ 
fuits  in  equal  quantities  of  the  folvent;  with  the  fame  varia¬ 
tion,  however,  in  the  quantity  of  the  platina  diffolved,  which 
might  have  been  remarked  in  the  operation  performed  with 
the  acids.  I  repeated  alfo  the  fame  trials,  making  fome 
changes  in  the  twro  laft  columns : 


d 

* 

X 

Cx] 

Black  crude 
platina. 

Acid  at 
*°35- 

Common 
f  It. 

* 

Platina  diffolved. 

I. 

6  ounces 

16  ounces 

6  ounces 

*  20  drams 

n. 

6  ounces 

16  ounces 

8  ounces 

22  drams 

III. 

6  ounces 

16  ounces 

jo  ounces 

20  drams 

IV. 

6  ounces 

16  ounces 

1 2  ounces 

19  drams 

An  excefs  of  marine  fait  was  found  here  alfo  in  Nos.  3  and  4. 

It  is  feen  by  thefe  two  tables,  that  the  quantity  of  platina 
diffolved  experiences  a  diminution  whether  the  proportion  of 
7  ounces  of  fait  per  pound  of  acid  be  increafed  or  diminifhed. 
it  however  appears,  that  in  the  experiments  where  more  than 
7  ounces  were  employed,  the  quantity  of  platina  diffolved 
ought  to  have  been,  if  not  greater,  at  leaff  equal;  fince  the 

nitric 


nitric  acid  ought  to  have  difengaged  and  oxygenated  the  fame 
quantity  of  muriatic  acid.  I  confefs  that  1  cannot  conceive 
how  an  excefs  of  marine  fait  or  nitrate  of  foda,  found  in  the 
mixture,  could  prevent  the  folution  of  a  greater  quantity  of 
crude  platina,  unlefs  the  explanation  of  this  phenomenon 
be  found  in  an  obfervation  I  (hall  here  make,  or  my  occu¬ 
pations  allow  me  to  undertake  new  refearches  on  this  fubjedt. 
The  obfervation  I  allude  to  is  as  follows:  The  refiduurn 
of  all  the  folutions,  that  is  to-  fay,  the  remaining  crude  pla¬ 
tina,  exhibits  an  afpedl  very  different  from  that  of  the  refi- 
duums  left  by  nitro  muriatic  acid  compofed  of  free  acids. 
[The  author  promifes  a  continuation  of  thefe  experiments.] 


XX.  On  the  Analyfis  of  JVine .  By  C.  Chaptal*. 

In  all  wines  we  diftinguifh  an  acid,  alcohol,  tartar,  ex¬ 
tractive  matter,  aroma,  and  a  colouring  principle;  the  whole 
diluted  or  diffolved  in  a  portion  of  water  more  or  lefs  abun¬ 
dant. 

iff,  Acid. — An  acid  exifts  in  all  wines ;  I  never  found  any 
which  did  not  prefent  fome  traces  of  it.  The  fweeteft  and 
molt  lufeious  wines  redden  teft  paper,  if  fuffered  to  remain  in 
them  for  fome  time ;  but  they  are  not  all  acid  in  the  fame 
degree.  There  are  fome  the  principal  charadler  of  which  is 
a  natural  acidity.  Thofe  made  from  grapes  not  perfedflv 
ripe,  or  produced  in  cold  climates,  are  of  this  fort;  while 
thofe  produced  by  the  fermentation  of  very  ripe  and  faccha- 
rine  grapes  exhibit  very  little  acid.  The  acid,  then,  appears 
to  be  in  the  inverfe  ratio  of  the  alcohol,  which  is  the  refult 
of  the  decompofition  of  the  fugar. 

This  acid  exifls  in  great  abundance  in  verjuice;  and  is  found 
in  muft,  though  in  a  fmaller  quantity.  All  fermented  liquors, 
futh  as  cyder,  perry,  and  beer,  as  well  as  fermented  farina¬ 
ceous  fubftances,  alfo  contain  this  acid :  and  I  have  found  it 
even  in  molaffes.  Indeed  it  is  to  faturate  it  completely,  that 
lime,  allies,  or  other  earthy  or  alkaline  bafes,  are  obliged  to 
be  employed  in  the  purification  of  fugar.  Without  this  pre¬ 
caution,  the  existence  of  the  acid  would  oppofe  the  cryftal- 
lization  of  the  fugar. 

If  wine  be  concentrated  by  diftilladon,  the  extract  which 
results  from  it  in  general  has  a  four  and  pungent  tafte.  To 
dilfolve  and  feparate  the  acid,  nothing  is  neceflary  but  to  pour 
water  or  alcohol  over  the  extract.  This  acid  has  a  pungent 

*  From  the  AnnaUi  de  Chime,  No.  107. 

''  tafte. 
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tafte,  an  odour  (lightly  empyreumatic,  leaves  a  fenfation  of 
hardmefs  on  the  tongue*  &c.  When  well  filtered  and  left 
in  a  jar,  it  fuffers  to  be  precipitated  a  confiderable  quantity 
of  extra&ive  matter.  It  then  becomes  covered  with  mouldi- 
nefs,  and  in  that  hate  feems  to  approach  the  acetous  acid. 
It  may  be  purified  by  di (filiation,  which  feparates  from  it 
a  large  quantity  of  extractive  matter;  and  it  is  then  lefs 
liable  to  be  decompofed  by  putrefaction. 

This  acid  precipitates  the  carbonic  acid  from  its  combina¬ 
tions  :  it  diffolves  with  facility  the  greater  part  of  the  me¬ 
tallic  oxides :  it  forms  infoluble  falts  with  lead,  filver,  and 
mercury ;  and  feparates  the  metals  from  all  their  folutions  in 
acids. 

This  acid  forms  alfo  an  infoluble  fait  with  lime.  If  abun¬ 
dance  of  lime  water  be  mixed  with  wine,  it  precipitates  the 
acid,  which  carries  with  it  all  the  colouring  matter.  This 
acid,  then,  is  of  the  nature  of  the  malic  acid.  It  is  alwavs 
mixed  with  a  little  of  the  citric  acid  ;  for,  when  digefted  on 
oxide  of  lead,  befides  the  infoluble  precipitate  which  is  formed, 
there  is  produced  a  citrate,  which  may  be  fhown  in  it  by  the 
common  means. 

This  malic  acid  difappears  by  the  acetification  of  the  wine  • 
in  well  made  vinegar,  nothing  exifts  but  acetous  acid.  This 
transformation  of  the  malic  acid  into  acetous  acid  naturally 
explains  why  wine  which  has  only  begun  to  turn  four  can¬ 
not  be  employed  in  manufacturing  acetite  of  lead :  in  this 
cafe  there  is  formed  an  infoluble  precipitate,  with  the  pro¬ 
duction  of  wdiich  I  was  greatly  embar raffed  till  I  learned 
the  reafon  of  it.  For  a  long  time,  C.  Berard,  my  affociate 
in  mv  manufactory  of  chemical  productions,  added  nitric 
acid  to  four  wine  to  give  it  the  property  of  forming  a  foluble 
fait  with  lead.  I  was  then  of  opinion  that  the  acid  of  wine 
was  by  thefe  means  oxygenated,  while  the  effeCt  really  pro¬ 
duced  was  to  haften  the  decompofition  and  converfion  of  the 
malic  acid  into  vinegar. 

The  exiftence  of  the  malic  acid  in  wine  in  different  propor¬ 
tions,  ferves  to  throw  fome  light  on  a  phenomenon  of  the 
highefl  importance  in  regard  to  the  di  Filiation  of  wines,  and 
the  nature  of  the  fpirit  produced  from  them.  Every  body 
knows,  not  only  that  all  wines  do  not  give  the  fame  quantity 
of  fpirit,  but  that  the  fpirits  produced  from  them  are  far  from 
being  of  the  fame  quality.  No  one  is  ignorant  that  beer, 
cyder,  perry,  and  fermented  farinaceous  fubftances,  give  little 
fpirit,  and  always  of  a  bad  quality.  Careful  and  repeated 
diftillation  may,  indeed,  correCt  thefe  faults  in  a  certain  de¬ 
gree,  but  never  deflroy  them  completely.  Thefe  confiant 
Vol.  XI.  I  refultSj 
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refults,  eftabliftied  by  long  experience,  have  been  referred  t® 
the  greater  quantity  of  extractive  matter  contained  in  thefe 
weak  fpiritous  liquors  :  the  combuftionof  a  part  of  this  prin¬ 
ciple  by  diftillation,  ought,  it  would  appear,  to  be  an  imme¬ 
diate  effeH  of  it,  and  the  acrid  and  empyreumatic  tafte,  a 
very  natural  confequence.  But,  when  I  examined  this  phe¬ 
nomenon  more  clofely,  I  found  that,  befides  the  caufes  de¬ 
pending  on  the  abundance  of  this  extractive  principle,  it  was 
neceffary  to  admit  another,  viz.  the  prefence  of  the  malic 
acid  in  al moil  all  thefe  cafes.  Having  diftilled  indeed,  with 
great  care,  thefe  different  fpiritous  liquors,  I  always  obtained 
acidulous  fpirits,  the  tafte  of  which  was  altered  by  that  effen- 
tially  belonging  to  the  malic  acid  :  it  is  only  by  confining 
one’s  felf  to  extracting  the  molt  volatile  liquor,  that  it  is  pof- 
fible  to  feparate  a  little  alcohol  free  from  all  alteration  ;  and 
(flil  1  it  retains  a  difagreeablc  odour,  which  does  not  belong  to 
pure  fpirit. 

Wines  which  contain  the  greateft  quantity  of  malic  acid 
give  fpirits  of  the  world  qualities.  It  even  appears  that  the 
quantity  of  alcohol  is  lefs,  as  the  quantity  of  the  acid  is  more 
confiderablc.  If  this  acid  be  laid  hold  of  by  means  of  lime 
water,  chalk,  or  fixed  alkali,  very  little  alcohol  can  be  ob¬ 
tained  by  diftillation  ;  and  in  all  thefe  cafes  the  fpirit  affumes 
a  difagreeable  tafte  of  the  fire,  which  does  not  contribute  to 
improve  the  quality. 

The  difference  of  the  fpirits  arifing  from  the  diftillation  of 
different  kinds  of  wine  depends  then,  chiefly,  on  the  different 
proportions  in  which  the  malic  acid  is  contained  in  thefe 
wines;  and  no  certain  means  have  yet  been  obtained  of  de- 
ftroying  the  bad  efteCt  which  this  acid  produces  by  its  mix¬ 
ture  with  the  fpirit. 

This  acid,  which  we  have  found  in  grapes  at  every  period 
of  their  increafe,  and  which  does  not  difappear  from  wine 
till  the  moment  when  it  degenerates  completely  into  vinegar, 
would  deferve  to  be  diftinguifhed  by  the  name  of  the  vinous 
acid ;  but,  to  avoid  innovation,  we  fhall  retain  that  of  the 
malic  acid. 

2d,  Alcohol. — Alcohol  forms  the  real  character  of  wine. 
It  is  the  product  of  the  decompofition  of  the  fugar,  and  the 
quantity  of  it  is  always  in  proportion  to  that  of  the  fugar 
which  has  been  decompofed 

Alcohol, 

I  (hall  not  enter  into  the  qiueftion,  whether  alcohol  is  completely 
formed  in  wine,  or  whether  it  is  a  produtt  of  diftillation;  or,  in  other 
words,. the  refit  it  of  fermentation  or  of  diftillation.  Fabroni  has  adopted  the 
latter  femimenstr,  becaufe,  having,  mixed  a  hundredth  part  of  alcohol  with 

new 
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Alcohol,  then,  is  more  or  lefs  abundant  in  all  wines.  Thofe 
of  warm  climates  furnifh  a  great  deal ;  thofe  of  cold  climates 
give  fcarcely  any  at  all.  Ripe  and  faccharine  grapes  produce 
it  in  abundance;  while  the  wines  arifing  from  green  aqueous 
grapes,  which  contain  little  of  the  faccharine  principle,  afford 
very  little. 

There  are  fome  wines  in  the  fouth  which  furnifii  a  third  of 
fpirit:  there  are  feveral  in  the  north  which  contain  only  a 
fifteenth. 

It  is  the  proportion  of  alcohol  that  renders  wines  more  or 

new  wine,  he  was  only  able  to  feparate,  by  means  of  potafh,  the  fame 
quantity  of  alcohol.  Hut  this  experiment  appears  to  me  to  prove  at  molt 
that  the  foreign  alcohol  added  to  the  wine  docs  riot  enter  into  fo  exad  a 
combination  as  that  which  exifts  naturally  there  :  it  remains  in  the  ftate  of 
fimple  mixture.  We  obferve  a  fimilar  phenomenon  when  highly  concen¬ 
trated  alcohol  is  diluted  by  the  addition  of  a  greater  or  lefs  quantity  of 
water ;  for  it  is  known  in  commerce  that  this  weakened  alcohol  has  not 
the  fame  tafte,  which  marks,  however,  the  fame  degree  of  fpiritofity.  I 
confider  alcohol,  then,  in  wine  not  as  exiiling  there  in  an  infulated  ftate, 
and  difengaged  from  all  combination,  but  as  combined  with  the  colouring 
principle,  carbon,  alkali,  extractive  matter,  and  all  the  rither  conftituent 
principles  of  wines  lb  that  wine  is  a  fuper-compounded  whole,  all  the  ele¬ 
ments  of  which  may  be  extracted  by  chemical  means;  and  when,  by  the 
application  of  heat,  thefe  principles  a/e  feparated,  the  moft  volatile  rife 
firft,  and  what  firft  paflfes  is  a  very  light  compound,  forming  alcohol,  then 
water,  &c. 

Diftillation,  by  fucceffively  extracting  all  the  principles  of  wine,  accord¬ 
ing,  to  the  invariable  laws  of  their  gravity  and  of  their  affinities,  breaks 
and  deftroys  the  primitive  combination  which  conftitutes  wine,  and  ex¬ 
hibits  products  which,  when  united  again,  cannot  reproduce  the  primitive 
body,  becaufe  the  heat  has  entirely  difuriited  and  feparated  the  compound 
into  principles  which  may  exift  in  an  infulated  ftate,  and  which  have 
fcarcely  any  affinity. 

In  a  word,  it  is  of  little  importance  to  art  whether  the  alcohol  exifts  or 
does  not  exift  in  wine  ;  the  diftiller  ftiil  has  invariable  principles  both  in 
regard  to  the  quality  and  to  the  quantity  of  alcohol  which  each  kind  of 
wine  can  furnifli.  Whether  the  heat,  therefore,  combines  the  principles 
of  the  alcohol,  or  merely  extrads  them  from  a  mafs  where  they  are  com¬ 
bined,  the  manner  of  operaring  and  the  remits  of  the  operation  can  re¬ 
ceive  from  them  no  modification.  We  fee  in  the  diftillation  of  all  vege¬ 
table  matters,  and  their  products,  a  repetition  of  the  phaenomena  exhibited 
by  the  diftillation  of  wine. 

Diftillation  by  heat  is  not  the  only  means  of  extracting  the  alcohol  from 
wine.  1  ft,  The  carbonic  acid  gas  which  is  difengaged  by  fermentation 
carries  with  it,  and  in  a  ftate  of  folution,  a  very  conliderable  quantity  of 
alcohol,  as  I  have  already  fhown.  2d,  The  gas  which  efcapes  from 
champagne  carries  oft'  almolt  all  the  alcohol  contained  in  that  wine. 
3d,  Very  fpiritous  wines,  when  ftiaken  in  the  bottle,  fuffer  to  efcape  a 
very  fenfible  flavour  of  alcohol.  41b,  The  wines  which  furnifh  mod  fpirit 
are  thought  to  be  moft  fpiritous  to  the  rafte.  All  thefe  fads  cannot  be  rc-i 
conciled  with  the  hypothefis  of  the  formation  of  alcohol  by  diftillation,  and 
feem  to  prove  that  it  exifts  quite  formed  in  the  wine. 

The  reader  on  this  important  fubjed  may  recur -to  the  opinion  of  Four- 
«roy,  publifhed  in  Annales  de  Chime . 

I  %  leffi. 
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lefs  generous ;  it  is  it  which  difpofes  them  to,  or  preferves 
them  from,  acid  degeneration.  Wine  turns  four  with  more 
facility  the  lefs  alcohol  it  contains,  the  proportion  of  extrac¬ 
tive  matter  being  fuppofed  to  be  the  fame  in  both. 

The  richer  wine  is  in  fpirit,  the  lefs  it  contains  of  malic 
acid ;  and  this  is  the  reafon  why  the  heft  wines  furnifh,  in 
general,  the  bed  fpirit,  becaufe  they  are  then  freed  from  the 
prefence  of  that  acid  which  gives  them  their  difagreeabk 
tade. 

It  is  by  diddling  wines  that  all  the  alcohol  they  contain 
is  extracted. 

The  didillation  of  wine  has  been  known  for  feveral  cen¬ 
turies  ;  but  this  operation  has  been  fucceflively  improved,  and 
at  prefent  has  been  brought  to  fuch  a  date  of  perfection,  that 
the  fpirit  trade  mud  derive  great  benefit  from  it,  and  that  the 
procefs  may  be  applied  with  advantage  to  every  other  kind  of 
didillation.  The  alembics  long  ufed  for  diddling  were 
boilers  with  a  long  narrow  cylindric  neck,  having  at  the 
fummit  a  hollow  hemifphere,  from  which  proceeded  a  tube, 
of  no  great  fize,  dedined  to  convey  the  liquor  into  the  worm. 
Arnold  de  Villanova  feems  to  have  been  the  fird  who  gave 
us  any  accurate  notions  in  regard  to  the  didillation  of  wines  ; 
and  to  him  we  are  indebted  for  the  fird  defeription  of  this 
long-necked  alembic,  models  of  which  are  dill  found  among 
our  perfumers. 

The  idea  entertained,  that  the  produCt  of  the  didillation 
was  the  more  delicate,  fubtile,  and  pure,  as  it  was  railed 
higher,  by  making  it  pafs  through-very  fmall  tubes,  directed 
the  condruCtion  of  thefe  dills.  But  di (tillers  were  foon  con¬ 
vinced  that  it  was  not  fo  much  the  obdacles  oppofed  to  the 
afeent  of  the  vapours  as  the  art  of  graduating  the  heat  in  a 
proper  manner,  which  rendered  the  produCt  of  the  didillation 
more  or  lefs  pure.  It  has  been  found  that,  in  the  fird  cafe, 
the  force  of  the  fire  changes  the  nature  of  the  fpiritous  prin¬ 
ciples  by  communicating  to  them  an  empyreumatic  tade; 
while,  in  the  fecond,  pure  fpirit  ariles,  and  paffes  into  the 
worm  without  alteration.  Oil  the  other  hand,  oeconomy, 
an  important  confideration  in  the  arts,  has  caufed  all  the 
changes  made  in  the  old  precedes  to  be  adopted. 

Thus  the  column  perpendicular  to  the  boiler  has  been  fuc- 
cefiively  lowered,  the  capital  enlarged,  the  boiler  made  wider, 
and  the  following  general  forms  have  been  gradually  adopted. 

The  dills,  at  prefent,  are  a  kind  of  flat-bottomed  boilers, 
the  fides  of  which  rife  perpendicularly  to  the  height  of  about 
twenty-two  inches.  At  this  height  a  contraction  takes  place, 
which  reduces  the.  aperture  to  eleven  or  twelve  inches.  This 
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aperture  is  terminated  by  a  neck  Tome  inches  in  length,  in 
which  is  adapted  a  {mall  cover  called  the  head ,  which  in- 
cre^fes  in  diameter  towards  the  upper  part  fo  as  to  have  the 
form  of  a  truncated  cone  inverted.  From  the  angle  of  the 
bafe  of  this  capital  proceeds  a  (mail  tube  deftined  to  receive 
the  vapour  of  the  fpirit,  and  to  tranfmit  it  to  the  worm  with 
which  it  is  conneCled.  The  worm  confifts  of  fix  or  feven 
circumvolutions,  and  is  placed  in  a  calk  kept  full  of  water  to 
facilitate  the  condensation  of  the  vapours :  thefe  vapours, 
when  condenfed,  run  down  into  a  tub  deftined  to  receive 
them. 

The  boilers,  in  general,  are  fixed  in  mafon-work  up  to  the 
part  where  the  contraction  takes  place :  the  bottom  alone  is 
expofed  to  the  immediate  aCtion  of  the  heat.  The  chimney 
is  placed  oppofite  to  the  fire-hole;  and  the  afh-hole,  which 
is  not  very  large,  is  feparated  from  the  fire-place  by  an  iron 
grate. 

The  boiler  is  charged  with  five  or  fix  quintals  of  wine.  The 
diftillation  is  completed  in  eight  or  nine  hours,  and  during 
each  operation  about  fixty  pounds  of  coals  are  confirmed. 

Such  is  the  procefs  which  has  been  long  ufed  in  Langue¬ 
doc  ;  but  though  old,  and  generally  adopted,  it  prefents  im¬ 
perfections,  which  muft  ftrike  every  man  acquainted  with 
the  principles  of  diftillation. 

1  ft,  The  form  of  the  boiler  produces  a  column  of  liquor 
exceedingly  high  and  not  broad,  which  being  expofed  to  the 
aCfion  of  the  heat  only  by  its  bafe,  is  burnt  in  that  part  be¬ 
fore  the  upper  part  becomes  warm ;  bubbles  then  rife  from 
the  bottom,  which,  being  obliged  to  traverfe  a  colder  mafs 
of  liquid,  are  condenfed,  and  again  difiolve  in  the  liquor. 
It  is  only  when  the  whole  mafs  has  been  heated  gradually 
that  the  diftillation  is  eftablifhed. 

2d,  The  contraction  at  the  upper  part  of  the  boiler  and 
the  internal  bending  which  it  prefents  in  that  place,  ftili  hurt 
the  diftillation  :  for  this  part,  not  being  covered  by  mafon- 
work,  is  continually  expofed  to  the  air,  which  maintains 
there  a  colder  temperature  than  in  other  parts,  fo  that  the 
vapours  which  rife  are  condenfed  partly  againft  the  interior 
furface,  and  fall  down  in  drops,  or  run  back  in  ftriae  into 
the  body  of  the  ft  ill.  In  this  cafe,  the  fame  thing  happens 
which  we  daily  fee  take  place  in  diftilling  with  a  fand-bath : 
the  vapours  which  rife,  ftriking  againft  the  uncovered  furface 
of  the  retort,  which  is  always  the  coldeft,  are  condenfed,  and 
fall  down  in  ftriae  into  the  bottom  ;  fo  that  the  fame  portion 
of  matter  rifes,  falls  down,  and  is  Middled  feveral  times; 
which  occafions  lofs  of  time,  expenfe  in  fuel*  and  hurts  the 
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quality  of  the  product,  which  in  fome  cafes  is  altered  and 
decompofed.  Thefe  phenomena  may  be  rendered  very  fen- 
fible  by  cooling  the  upper  part  of  the  retort  of  the  fand-bath 
at  the  moment  when  the  diftillation  is  moft  adlive:  the  va¬ 
pours  fucceffively  become  vifible  in  the  infide,  and  drops  are 
condenfed  on  the  fides,  which  foon  run  down  and  join  the 
liquor  contained  in  the  retort. 

Befides,  the  contraction  at  the  upper  part  of  the  boiler 
forms  a  kind  of  eolipile,  where  the  vapours  cannot  pafs  with¬ 
out  difficulty,  which  neceflarily  requires  a  more  confiderable 
force  of  afcenfion.  This  fa£t  has  been  properly  explained  by 
Baume. 

3d,  The  capital  is  not  conftruHed  in  the  moft  advantageous 
manner  ;  the  head  acquires  almoft  the  temperature  of  the 
vapours,  which,  being  ftrongly  dilated,  prefs  on  the  liquid 
and  confine  its  afcent. 

4th,  The  method  of  managing  the  fire  is  no  lefs  improper 
than  the  form  of  the  apparatus :  the  afh-hole  is  every  where 
too  fmall,  the  fire-place  too  large,  the  door  badly  fliut,  &c. 
fo  that  a  current  of  air  is  eftabliftied  at  the  door,  and  is  pre¬ 
cipitated  into  the  chimney,  paffing  over  the  coals,  Confe- 
quently,  a  violent  fire  is  required  to  heat  the  boiler  mode¬ 
rately  *  The  grate  is  choked  up  with  a  thick  ftratum  of 
combuftibles,  fo  that  they  become  nearly  ufelefs  for  want  of 
a  free  circulation  of  the  air. 

[  To  be  continued.  ] 


XXI.  Account  oj  a  Defcent  into  the  Crater  of  Mount  V  efuvius 
by  eight  Frenchmen  on  the  Night  between  the  18M  and 
H)th  of  July  1  801, 

r-jp 

JL  O  afeend  to  the  fummit  of  mount  Vefuvius,  which  is 
elevated  3600  feet  above  the  level  of  the  fea,  is  an  enterprile 
of  great  difficulty,  as  it  is  necefiary  for  nearly  half  the  height 
to  climb  an  exceedingly  fteep  declivity  up  to  the  knees  in 
afhes.  Some  philofophical  men  of  eminence,  however,  as 
Spallanzani,  Dolomieu,  Dr.  Moore,  &c.  have  overcome  all 
thefe  difficulties.  Sir  William  Hamilton,  who  caufed  a  great 
many  views  of  Vefuvius  to  be  defigned  during  his  long  refi- 
dence  at  Naples,  afeended  to  the  fummit  of  it  fixty-two 
times;  but  no  one,  at  leaft  fince  the  eruption  in  1779,  ever 
ventured  to  defeend  into  jhe  crater  of  this  volcano,  not  even 
Sir  William  Hamilton,  who  confidered  it  under  fo  many 
points  of  view,  and  who  vifited  it  fo  many  times.  It  was 
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referred  for  eight  Frenchmen  to  hazard  this  dangerous  enter- 
prife,  and  to  fucceed  in  it  completely,  notwithstanding  the 
timidity  of  their  guides,  the  impoffibility  which  the  Neapo¬ 
litans  attached  to  it,  and  the  inftances  they  mentioned  of 
rath  travellers  who  had  loft  their  lives  in  the  attempt,  and 
been  fwal lowed  up  by  the  volcano. 

To  be  able  to  appreciate  the  danger  of  this  enterprife,  it 
will  be  neceflary  to  have  a  correct  idea  of  the  form  and  por¬ 
tion  of  Vetuvius,  and  of  the  matters  which  it  throws  up. 
This  volcano  has  the  form  of  a  truncated  cone,  and  a  part 
of  its  bafe,  which  is  altogether  three  leagues  in  circumfer¬ 
ence,  is  waftred  by  the  Mediterranean;  its  mouth,  or  upper 
bafe,  which  is  a  little  inclined  to  the  axis,  is  5722  feet  in 
circumference.  The  earth  from  the  bafe  to  halt  the  height 
conli fts  of  vegetable  mould  mixed  with  lava  and  (tones  which 
have  not  been  attacked  by  the  fire,  tufas,  pumice,  and  cal¬ 
careous  ftones,  different  in  their  nature  and  colour  according* 
to  the  different  degrees  of  imprefiion  which  have  been  made 
on  them  by  the  fire. 

The  half  of  the  height  next  the  fummit  is  compofed  chiefly 
of  pure  allies,  but  coarfer  than  our  common  allies.  Till  the 
prefent  time,  there  have  been  twenty-four  eruptions  recorded 
in  hiftory.  The  firft  took  place  in  the  year  79  after  the 
Chriftian  sera  :  by  thefe  eruptions  volcanic  matters  have  been 
fucceflively  accumulated,  but  by  that  of  1779  the  fituation  of 
the  crater  and  of  the  aperture  was  entirely  changed.  The 
focus  or  crater  is  now  funk  200  feet  below  the  upper  edges 
ol  the  mouth  of  the  volcano. 

To  arrive  at  the  crater,  and  to  obferve  the  numerous  fpi- 
racles,  long  crevices,  and  fires  which  iflue  from  them  in  fe- 
veral  places,  and  alfo  the  variegated  and  ftill  fmoking  matters 
of  which  the  crater  is  compofed,  it  was  neceflary  to  pafs  over 
this  fpace  of  200  feet. 

The  inner  fides  of  the  volcano  are  nearly  perpendicular,  or 
exceedingly  fteep,  and  compofed  of  allies,  lava,  and  large  cal¬ 
careous  ftones ;  but  thefe  lava  and  ftones,  as  they  form  no 
connection  with  the  allies,  cannot  lerve  as  any  point  of  fup- 
port;  and  when  any  one  is  fo  imprudent  as  to  adhere  to  this 
kind  of  rock,  the  lead  motion,  the  leaft  difplacement  of  any 
part,  makes  the  whole  crumble  to  pieces.  Befides,  from  the 
i'urnmit  of  Vefuvius  to  the  crater,  the  declivity,  being  exceed¬ 
ingly  rapid,  cannot  be  traverfed  but  on  all  fours,  and  iuft'ermg 
yourfelf  to  elide  down  amidlt  a  torrent  of  allies  and  lava.  But 
the  1110ft  dangerous  obltacles  are  thole  awful  excavations, 
which  cannot  be  palled  over  without  great  trouble  and  dif¬ 
ficulty.  -  ■  . 
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Difregarding  the  terror  with  which  the  Neapolitans  en¬ 
deavoured  to  umpire  us,  after  having  received  their  adieus,  as 
if  our  feparation  had  been  likely  to  be  eternal,  we  fet  out  in 
a  carriage,  at  half  after  eleven  at  night,  on  the  18th  of  July, 
from  the  hotel  of  the  French  ambaffador,  fourteen  in  num¬ 
ber,  furnifhed  with  ropes  and  other  articles  which  we  fup- 
pofed  might  be  neceffiary,  and  all  in  a  ftate  or  the  highefl 
fpirits,  which  never  forfook  us,  even  at  times  of  the  molt 
imminent  danger.  We  arrived  about  midnight  at  the  foot 
6f  Vefuvius;  and,  having  quitted  our  carriage,  mounted  well 
experienced  mules,  and  proceeding  one  after  the  other,  with 
adjutant  Dampierre  at  our  head,  amidft  the  thick  darknels  of 
night,  reached  half  way  to  the  fteep  fummit  of  the  mountain. 
We  had  a  numerous  body  of  guides,  and  their  lighted  torches 
gave  to  our  expedition  a  myflerious  and  folemn  air,  which 
formed  a  ftriking  contrail:  with  the  mirth  and  gaiety  of  the 
company. 

When  we  had  afeended  about  half  way,  we  were  obliged 
to  alight,  and  to  clamber  up  the  fleepefl  and  moff  difficult 
part  of  Vefuvius,  wading  through  the  afhes  up  to  the  knees, 
till,  exhaufled  with  fatigue,  and  covered  with  fweat,  we 
reached  the  fummit  at  half  paft  two  in  the  morning. 

J  he  fir  it  thing  that  flruck  us,  as  foon  as  the  morning  bejran 
to  dawn,  was  a  molt  magnificent  fpedtacle — -a  fuperb  view 
of  the  city  and  port  of  Naples,  the  beautiful  hills  which  fur- 
round  them,  and  the  vaft  extent  of  the  fea  by  which  they 
are  waffied.  After  walking  round  part  of  the  aperture  of  the 
volcano,  that  we  might  choofe  the  moft  commodious  place 
for  defeending,  adjutant  Dampierre  and  C.  Wickar  firfl 
defeended,  without  any  accident,  at  the  determined  point. 
When  they  had  got  about  a  third  of  the  way  they  were  fud- 
denly  flopped  by  an  excavation  of  fifty  feet,  which  it  was 
v#  Jieceffiiry  to  pafs.  As  they  found  that  it  was  impoffible  to  ob¬ 
tain  any  fixed  point  of  fupport  on  afhes  fo  moveable;  and 
being  convinced  that  the  friction  of  ropes  would  have  foon 
deftroyed  both  the  point  of  lupport  and  the  neighbouring 
mafles  to  a  great  diflance,  they  refolved  to  return.  JBefides, 
while  deliberating  on  the  means  of  defeending,  fome  Hones 
robing  down  from  the  lummit  occafioned  a  general  agitation 
wherever  they  palled  :  adjutant  Dampierre  found  the°ground 
on  which  he  flood  ffiake  beneath  his  feet;  and  he  had  fcarcely 
quitted  it,  calling  out  to  C.  Wickar  to  follow  him,  when  it 
difappeared.  Soon  after,  indeed,  the  whole  place  where  they 
had  flood,  and  all  the  neighbouring  frnall  eminences,  crum¬ 
bled  down  fucceffively  in  the  courfe  of  half  an  hour,  and  were 
precipitated  to  the  bottom  of  the  crater  with  an  awful  node. 

Before 
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Before  we  renounced  our  enterprife  to  return  to  Naples, 
dejected  on  account  of  not  having  fucceeded,  we  once  more 
walked  round  the  mouth  of  the  crater,  and  at  laid  difcovered 
a  long  declivity,  pretty  fmooth  though  very  deep,  which 
conducted  to  the  focus.  Without  examining  the  precipices 
which  it  might  be  neceffary  to  pafs  before  it  could  be  reached, 
C.  Debeer,  the  atnbaflador’s  fecretary,  accompanied  by  a  laz- 
zaroni,  fet  out  firlt  to  attempt  the  paffage.  When  they  had 
got  half  way,  amidft  a  torrent  of  allies,  which  the  impreffion 
of  their  feet  made  to  roll  down  along  with  them,  they  found 
means  to  fix  themfelves  on  the  edge  of  a  precipice  twelve  feet 
in  height,  which  it  was  neceffary  to  pafs  before  they  could 
reach  the  lower  declivity.  The  lazzaroni,  frightened,  re¬ 
filled  to  proceed;  but,  being  promifed  a  double  ducat,  avarice 
got  the  better  of  his  timidity ;  he  fpeedily  made  the  lign  of 
the  crofs  over  his  whole  body,  and,  having  invoked  the  Ma¬ 
donna,  and  St.  Anthony  of  Padua,  threw  himfelf  along  with 
C.  Debeer  to  the  bottom  of  the  firft  precipice:  foon  after 
they  arrived  at  another,  but  being  of  lefs  height  it  was  palled 
with  more  cafe.  At  length,  amidft  a  continual  torrent  of 
falling  lava,  allies,  and  (tones,  they  arrived  at  the  bottom  of 
the  crater,  and  ftretched  out  their  arms  to  us,  fending  forth 
fhouts  of  joy,  which  we  returned  with  the  utmoft  (atisractioa 
and  enthuftafm. 

C.  Houdouart,  engineer,  immediately  followed  C.  Debeer; 
and  after  encountering  the  fame  difficulties,  and  Baffin g  dan- 

•  •  •  •  _  J-  LJ 

gerous  precipices,  joined  him  at  the  bottom  of  the  crater. 
Being  there  both  convinced  of  the  almoft  infurmountable 
difficulty  of  afcending,  they  threw  themfelves  into  each  other’s 
arms,  like  two  friends  reduced  to  the  neceffity  of  terminating 
their  lives  together  in  a  defert  ifland  without  any  hopes  of 
efcaping  from  it. 

They  then  began,  but  with  cautious  fteps,  to  walk 
round  this  immenfe  furnace,  which  ftiil  fmokes  in  feveral 
places.  The  intrepid  Wickar,  who  was  very  delirous  to  par¬ 
ticipate  in  their  fate,  called  out  to  them  to  fend  fome  one  to 
affift  him  in  palling  the  two  cliffs  ;  but  feeing  no  one  coming, 
and  growing  impatient,  he  rulhed  forward,  and  rolled  down 
towards  them  amidft  a  torrent  of  ftones,  allies,  and  volcanic 
matters.  Adjutant  Dampierre,  C.  Bagneris  phyiician  to  the 
army,  Freffinet  and  Andras  French  travellers,  and  Moulin 
infpedfor  of  polls,  foon  followed,  and  arrived  at  the  crater 
after  having  incurred  the  fame  dangers. 

Wickar  immediately  fat  down  on  a  heap  of  fcorise,  and, 
with  that  fuperiority  of  talents  for  which  he  is  ditlinguiffied, 
Sketched  out  in  profile,  with  a  perfect  refembiance,  the  por- 
6  traits 


Account  of  a  Defcent 


traits  of  the  eight  Frenchmen  who  had  defcended.  Each 
then  formed  a  ifnall  collection  of  the  different  volcanic  mat¬ 
ters  which  appeared  to  be  new  or  curious,  and  endeavoured 
to  make  a  few  obfervations. 

Had  we  been  allowed  to  depend  on  fuccefs,  had  we  not 
been  retarded  in  our  preparations  by  our  timid  guides,  and 
if  fome  of  us,  having  only  juft  arrived  at  Naples,  had  not 
been  ftraitened  in  point  of  time,  our  defcent  would  certainly 
have  been  much  more  ufeful,  and  the  refults  more  fatisfac- 
tory.  However,  though  ill  furnifhed  with  means,  the  fol¬ 
lowing  are  the  obfervations  we  were  enabled  to  make  : 

Reaumur’s  thermometer,  the  only  inftrumcnt  we  poflefled, 
Rood  at  12  degrees,  on  the  fummit  of  Vefuvius:  the  air  was 
cold,  and  fomewhat  moift  :  in  the  crater  the  quickfilver  rofe 
to  16  decrees,  and  we  experienced  themildeft  temperature. 

The  furface  of  this  place,  which,  when  feen  by  the  naked 
eye,  looking  down  from  above,  appeared  entirely  fmooth, 
exhibited,  when  we  were  at  the  bottom,  nothing  but  a  vaft 
extent  of  afperities.  We  were  conftantly  obliged  to  pafs  over 
lava  exceedingly  porous,  in  general  pretty  hard,  but  which 
in  fome  places,  and  particularly  thofe  where  we  entered,  was 
Hill  foft,  and  yielded  under  our  feet.  The  fpe&acle  which 
ftruek  us  moft  was  the  numerous  fpiracles,  which  either  at 
the  bottom  of  the  crater  or  the  interior  tides  of  the  mountain 
fuffer  the  vapours  to  efcape.  When  we  arrived  at  the  crater, 
we  were  delimits  to  afcertain  whether  thefe  vapours  were  of  a 
noxious  quality  :  we  walked  through  them,  and  infpired  them 
feveral  times,  but  felt  no  inconvenience  from  them.  , The 
thermometer  placed  in  one  of  thefe  fpiracles  indicated  54  de¬ 
grees,  in  another  it  rofe  only  to  22.  In  all  thefe  experiments 
our  inftrument  was  covered  with  a  humid  matter,  which  was 
foon  diftipated  in  the  open  air  without  leaving  any  traces. 

In  traverfing  the  furface  of  the  crater,  we  perceived  a  focus 
half  covered  by  a  large  mafs  of  pumice  ftonc,  and  which, 
from  its  whole  circumference,  emitted  a  ftrong  heat.  The 
thermometer  placed  at  firft  at  the  entrance  of  it,  and  then 
jmmerfed  to  as  great  a  depth  as  the  nature  of  the  ground  and 
the  heat  would  admit,  never  rofe  higher  than  22  degrees. 
This  Angularity  furprifcd  us,  but  we  were  not  able  to  ex¬ 
plain  it. 

The  volcanic  productions  which  we  obferved  in  the  whole 
crater  were  lava,  exceedingly  porous,  and  which  the  fire  in 
certain  places  had  reduced  to  fcorise.  It  was  of  a  dark  brown 
colour,  and  fometimes  reddifh,  but  it  is  rare  to  find  any 
white.  The  fubftances  neared  the  fpiracles  are  all  covered 
or  impregnated  with  fulphur.  This  mineral  is  found  very 

often 
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often  in  a  ftate  of  oxygenation.  It  is  fometimes  white,  and 
fometimes  of  a  yellowiih  colour,  and  the  (harp  and  pungent 
impreffion  it  leaves  on  the  tongue  fufficiently  indicates  the 
ftate  in  which  it  is.  The  burning  focus,  of  which  we  have 
fpoken,  produces  the  fame  refults.  Some  bafaltic  lava  is 
alfo  found,  but  in  ImaJl  quantity ;  one  fpecimen  only,  of  a 
conftderable  weight  and  beautiful  polifn,  attracted  our  atten¬ 
tion. 

On  the  north  fide  of  the  crater  there  are  two  large  filftures, 
one  of  which  is  20  feet  in  depth,  and  the  other  about  15, 
They  are  ihaped  like  an  inverted  cone.  The  matter  with 
which  they  are  covered  is  entirely  fimilar  to  that  on  the  reft, 
of  the  furface.  They  emit  neither  fmoke  nor  heat;  yet  fome 
fulphurous  productions  plainly  Ihow  that  the  fire  in  thefe 
places  has  not  long  been  extinct.  / 

When  we  had  finifhed  thefe  few  obfervations,  it  was  ne- 
ceflary  that  we  ftiould  think  of  returning.  The  defcent  is 
far  lets  laborious  than  the  afcent ;  for  it  is  difficult  to  climb 
eminences  where  the  points  of  fupport  are  fo  moveable.  Be- 
fides,  people  cannot  afcend  but  one  at  a  time  in  fucceffion, 
after  long  intervals,  for  fear  of  burying  under  a  torrent  of 
volcanic  matters  thofe  who  follow,  as  the  foot,  when  moved, 
difplaces  the  allies,  &c.  to  the  diltance  of  thirty  feet  round. 

When  we  arrived  at  the  two  precipices,  we  were  obliged 
to  afcend  by  mounting  on  the  Ihoulders  of  a  man  placed  at 
the  bottom,  and  laying  hold  of  a  flick  held  by  another  at  the 
top,  and  to  reft  our  feet  no  where  hut  in  a  very  gentle  man¬ 
ner.  At  length,  by  prudence  and  caution,  we  reached  the 
fummit  of  Vefuvius  without  any  accident,  but  exhaufted 
with  fatigue,  and  fo  covered  with  allies  and  fmoke,  as  to  be 
fcarcely  diftinguilhable.  Our  fix  companions,  who  had  not 
defeended  into  the  crater,  were  overjoyed  when  they  faw  us 
again,  and  fupplied  us  with  fome  refrefh meets,  of  which  we 
had  great  need. 

When  one  grand  difficulty  is  furmounted,  inferior  ones 
are  overlooked,  as  of  little  importance.  I11  lefts  than  twenty- 
five  minutes  we  again  defeended,  having  confirmed,  after 
examining  various  ftones,  this  obfervation,  that  Vefuvius  is 
the  only  known  volcano  which  throws  up  from  its  bowels 
primordial  fubftances,  without  being  altered  by  the  fire,  and 
fuch  as  are  found  at  prefent  in  banks  and  veins. 

At  half  after  eight  in  the  morning  we  arrived  at  Portici,  the 
inhabitants  of  which  were  much  furpriled  to  fee  us  return  all 
fafe.  Their  delicious  fruits,  and  their  excellent  wine  called 
laciyma  Chrijli ,  foon  made  us  forget  our  fatigue,  and  we 
then  proceeded  to  Naples,  which  we  reached  in  fafety. 


The 
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The  refult  of  this  excurfion,  which  was  only  an  experi¬ 
ment,  can  be  of  no  further  life  than  to  (how  the  poffibility 
of  reaching  the  crater,  and  to  open  the  way  to  it  to  philofo- 
phers,  naturalifts,  and  chemifts,  who,  by  exploring  this 
immenfe  furnace  of  nature  at  their  Ieifure,  will  find  a  variety 
of  matters  which  will  afford  an  ample  field  for  the  application 
of  their  chemical  knowledge,  and  may  enable  them  to  make 
difeoveri'es  interefting  to  the  arts  and  the  fciences. 

The  names  of  the  eight  Frenchmen,  in  the  order  in  which 
they  defeended,  are  as  follow  :  Debeer,  fecretary  to  the  am- 
baffador  Alquier ;  Houdouart,  chief  engineer  of  bridges  and 
caufewavs  attached  to  the  army  of  Italy;  Wickar,  painter; 
Dampierre,  adjutant-commandant ;  Bagneris,  phyfician  to 
the  army  of  obfervation  ;  Freffinet  and  Andras,  French 
travellers ;  and  Moulin,  infpe&pr  of  pofts. 


XXII.  Obfervations  on  a  deJlruBiv  e  Kind  rf  Infefts  found 
in  fome  Paris  of  the  Ruffian  Empire,  and  in  the  Bannal  oj 
Temefwar .  By  Brojejfor  Pallas  *• 

E  are  indebted  to  my  friend  Brunnich  for  the  firft  ac¬ 
count  of  this  definitive  infeCt,  hitherto  obferved  only  in  the 
Bannat  of  Temefwar  in  Europe.  Linnaeus,  in  the  thort 
defeription  which  he  gave  of  itf  from  an  account  tranfmitted 
to  him,  compares  it  to  that  fmall  gnat  ( culex  equinus )  which 
infefts  horfes.  Its  principal  colour  is  blackifti;  its  breafl 
projects  in  a  round  form,  and  the  hinder  part  of  the  body  is 
oval;  the  legs  are  pretty  long;  the  thighs  towards  the  body 
are  white,  but  black  underneath  ;  the  covering  of  the  thighs 
moftly  white,  at  the  extremity  blackifh,  the  joints  of  the  legs 
black,  and  the  wings  tranfparent. 

According  to  this  defeription,  I  found  the  greateft  fimi- 
larity  between  the  gnat  of  the  Bannat  and  the  Ruffian  mofeh - 
kara,  or  flinging  gnat  J,  which,  after  an  attentive  compan¬ 
ion,  I  find  to  agree  perfectly  with  the  creeping  gnat  (culex 
replans )  of  Linnaeus;  and  I  fufpeCted,  from  what  I  knew 
of  the  abundance  and  definitive  nature  of  the  Siberian  in- 
feefts,  that  the  gnat  of  the  Bannat  might  belong  to  the  larger 
and  more  pernicious  kinds  in  the  warm  mountainous  diftrits 
of  that  country.  I  was,  however,  deceived  in  my  conjecture, 

*  From  Neue  Noulifebe  BeytiUge,  vol.  ii. 

4  Culex  Lanio  Linn.  Mani'tjf.  Plantar,  ii.  p.  541. 

4  Bibio  Janguinarius ,  Falias  Reife,  part  j.  p.  193  ;  Append,  p.  475  ; 
by  the  Ruffians  called  mofehka }  in  Siberia  improperly  mokriza ;  on  the 
Volga  mofebkara. 
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by  feveral  circumdances  mentioned  in  Grifelini’s  Natural 
Hidorv  of  the  Bannat*,  and  his  defcription  of  this  gnat, 
which  is  totally  unlike  that  of  Brunnich.  According  to  Gri¬ 
felini,  it  is  larger  than  the  common  gnat,  and  perfectly  like 
it  in  the  conformation  of  its  body  ;  its  head  is  alfo  armed 
with  feelers,  and  it  has  a  fmall  probofcis ;  the  bread  is 
blackifh  at  the  top,  fame  what  hairy,  and  on  the  lower  part 
white;  the  fore  legs  are  fhort,  and  the  hind  larged;  the  ex¬ 
tremity  of  the  body  confifls  of  lead- coloured  rings,  each  of 
which  is  furrounded  by  a  black  line.  Grifelini  fays  nothing 
of  white  rin^s  on  the  feet,  and  at  the  end  names  the  infect, 
contrary  to  the  expredion  of  his  own  defcription,  a  gad-dy 
( ceflrus ). 

In  this  uncertainty,  the  lad  circumdance  led  me  to  con¬ 
jecture  that  Grifelini,  perhaps,  might  not  be  a  very  expe¬ 
rienced  entomologid;  and  as  he  defcribed  his  infedt  in  the 
time  of  harved,  and  as  the  real  dedruCtive  gnats  appear  on 
the  other  hand  in  the  fpring,  I  fufpedfed  that  Profefl’or  Brun- 
nich  might  have  defcribed  the  proper  infect,  and  that  Grife¬ 
lini  had  only  fcen  fome  of  the  other  kinds,  which  appear  in 
large  fwarms.  My  doubts  on  this  fubjedt  induced  me  to 
apply  to  Baron  von  Born,  to  whofe  information  I  had  often 
been  before  indebted ;  and  by  his  means  I  obtained  a  fmali 
colledtion  of  real  Columbach  gnats,  among  which  I  didin- 
guidied,  on  the  drd  view,  the  Ruffian  mofchkara  of  a  confi- 
derable  fize,  and  even  an  infedt  which  I  had  fo  often  w- idled, 
to  procure  when  collecting  plants  and  infedts  in  the  Altai 
mountains,  and  on  the  Volga. 

They  are  fmall  dies,  as  thick  but  much  diorter  than  the 
common  gnats,  and  which,  according  to  their  charadferidic 
marks  and  form,  have  a  greater  refemblance  to  the  hibiones 
of  Geoffroy  than  to  gnats.  Their  bread,  which  is  drong, 
projects  in  a  round  form;  the  head  is  flat,  and  at  the  top 
ends  in  a  (harp  oblique  edge,  has  at  the  fides  oblong  eyes, 
and  below  tapers  to  a  probofcis,  which  ends  in  two  (harp 
points,  not  unlike  the  ding  of  the  gnat;  the  feelers  are  of  a 
brownifh  yellow  colour,  thick  and  ffiarp  pointed,  placed  near 
each  other  on  the  forehead ;  the  legs  are  much  diorter  than 
thofe  of  the  gnat;  the  thighs  and  part  next  the  joints  of  the 
legs  are  all  white,  and  only  blackifh  towards  the  ends ;  on 
fome  the  thighs  towards  the  body  were  whitifh;  the  extremity 
of  the  body,  which  appears  very  dry  and  contracted,  is  fur- 
rounded  with  rings  of  brown,  but  the  bread  appears  black, 

*  Grifelini  V erf  itch  einer  politifehen  und  natur  lichen  Gffchichle  des  Te 
tnfewarer  Bannats.  Vienna,  1780;  part  ii.  p.  125. 
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fhaaed  with  grey  ;  the  wings,  which  are  pretty  large  arid 
broad,  appear  wbitifh,  with  their  veins,  and  lie  over  each 
other. 

Such  T  found  the  Columbach  gnat,  and  I  have  feen  the 
Siberian  mofcbaYa ,  or  that  common  in  the  neighbourhood 
of  the  Volga,  perfectly  fimilar,  only  that  it  was  fomewhat 
fmaller,  and  had  not  fo  broad  white  rings  on  the  legs.  I  en¬ 
tertain  no  doubt,  therefore,  that  they  are  both  of  the  fame 
fpecies.  I  am  alfo  convinced  that  the  culex  reptans  of  Lin¬ 
naeus  is  nothing  elfe  than  the  fame  infedt  which  is  found 
in  the  northern  countries,  fomewhat  fmaller  and  not  in  fuch 
abundance. 

Linnaeus  found  great  multitudes  of  the  latter  in  the  moun¬ 
tainous  diftridts  of  Lapland,  whereas  in  Sweden  they  are 
more  uncommon.  According  to  his  obfervations,  they  attack 
people  principally  towards  fun-fet,  crawl  over  their  whole 
bodies,  even  into  the  mouth,  nofe,  and  eyes,  and  cannot  he 
driven  away  like  other  gnats,  by  thaking  or  blowing.  If  his 
description  in  the  Fauna  Suecica  be  compared  with  ours,  it 
will  be  found  very  little  different. 

Tbefe  troublefome  hies  are  found  here  and  there  in  the 
northern  forefts  of  Ruflia,  but  fingly,  and  for  the  mo  ft  part 
they  run  about  among  the  hair  of  the  cattle.  But  on  the 
Volga,  below  Kafan,  where  that  river  begins  to  flow  between 
woody  mountains,  and  approaches  a  warmer  diftridf,  parti¬ 
cularly  from  the  neighbourhood  of  Simbirfk  to  Saratof  and 
Kamvfchenka,  thev  are  met  with  from  the  end  of  Mav  to 
the  beginning  of  June  in  fuch  aftonifhing  multitudes  in  low 
bufhy  places,  and  the  woody  hills  fheltered  from  the  wind, 
that  they  feem  to  fill  the  atmofphere,  like  hail,  falling  blindly 
and  with  violence  againft  the  face,  which  is  affefted  as  if  fand 
were  thrown  againft  it ;  they  fly  into  the  eyes,  nofe,  and 
mouth,  adhere  pertinaciouflv  to  the  fkin,  and  with  their 
blunt  trunks  pierce  it  often  in  fuch  a  manner  as  to  occafion 
pain,  fo  that  a  bloody  pundture  remains,  though  without 
itching.  Fifhermen,  hunters,  and  all  thofe  who,  by  their 
employments,  are  expofed  to  the  open  air,  or  who  travel, 
furnifh  themfelves  about  the  above  period  with  a  large  net- 
cap  foaked  in  birch  oil,  becaufe  it  has  been  obferved  that 
the  mofehka ,  however  blindly  they  rufti  againft  every  thing, 
never  venture  to  fly  againft  thofe  open  nets  which  have  been 
foaked  in  the  above  ftrong-fmellinff  oil.  Without  thefe  means 
it  would  often  he  impoflible  to  open  the  eyes.  When  the  in- 
ledf  has  an  opportunity  of  fattening  itfelf  on  the  fkin  nnper- 
ceived,  and  of  fucking  the  blood,  it  fills  its  belly  till  it  ap¬ 
pears  like  a  blown-up  bladder,  and  cannot  be  removed  but 
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by  killing  it.  As  people  cannot  open  the  month  without  fe- 
veral  of  them  getting  into  it  at  once,  it  often  happens  that 
they  bite  or  fqueeze  them  between  the  teeth  in  fpitting  them 
out,  and  one  then  feels,  without  wifhing  it,  that  their  en¬ 
trails  have  a  fweet  melleous  tafte.  At  the  end  of  June  they 
almofl  all  difappear,  and  are  not  again  feen  till  Augufl;  but 
at  that  period  they  are  far  lefs  abundant. 

Thefe  Hies  are  equally  numerous  in  the  Ural  mountains, 
but  they  are  hill  more  fo  in  the  neighbourhood  of  the  woody 
mountains  of  the  fouthern  part  of  Siberia  beyond  the  lake 
Baikal.  In  the  month  of  June,  people  are  tormented  with 
thefe  vermin,  even  on  the  mountains,  till  they  reach  the  cold 
fummits,  where  there  are  no  woods.  In  the  latter  end  of 
fummer,  however,  thev  are  not  to  be  feen  in  thofe  diflribts. 
travelling  from  Jakufk  to  Ochozk,  they  are  to  be  again  found 
in  immenfe  multitudes  as  foon  as  one  has  palled  the  Aldaan, 
and  perhaps  they  are  to  be  found  alfo  in  North  America. 

It  is  commonly  reported,  in  the  Siberian  and  Ural  moun¬ 
tains,  that  thefe  fmall  infebts,  with  the  afliftance  of  the  gad 
flies ,  which  abound  about  the  fame  period,  torment  horles, 
and  other  cattle,  in  fuch  a  manner  as  to  occafion  their  death 
when  they  run  about  in  the  forefts,  and  have  no  opportunity 
of  efcaping  to  the  open  country,  or  to  a  lire,  the  fmoke  of 
which  would  drive  them  away.  Inftances  of  this,  however, 
are  not  fo  frequent  in  thefe  countries  as,  according  to  every 
account,  they  mull  be  in  the  Bannat  of  Temefwar.  The 
caufe  of  this,  perhaps,  is  to  be  afcribed  to  the  great  fize  of 
thefe  gnats  in  the  latter  country,  and  perhaps  alfo  to  fome 
poifonous  quality  connebfed  with  their  fling;  for  I  have  ob¬ 
served,  even  in  Siberia,  that  their  lling  fometimes  occafioned 
on  the  human  body  large  tumours,  which  fcarcely  difappeared 
at  the  end  of  forty-eight  hours. 

I  lhall  not  here  repeat  what  Grifelini,  whether  true  or  falfe, 
has  related  of  thefe  infebfs.  I  fhould  have  conlidered  many 
of  the  particulars  which  he  Hates,  as  containing  too  much 
of  the  marvellous,  had  not  Baron  Born,  in  his  Letters,  con¬ 
firmed  the  accounts  given  of  the  dellrubfive  nature  of  thefe 
vermin  in  that  country.  66  They  come  to  the  Bannat  of  Te- 
mefwar/’  fays  he,  ct  by  millions,  as  foon  as  the  bloom  ap¬ 
pears  on  the  trees  in  the  fprrng;  fall  upon  the  cattle,  creep 
through  the  rebfum,  the  nollrils,  and  the  ears,  into  the  moft 
interior  parts  of  their  bodies,  and  kill  them  in  four  or  five 
hours.  When  the  animal  is  opened  they  are  found  adhering 
in  fwarms  to  the  lungs  and  to  the  bowels,  which  are  com¬ 
pletely  inflamed.  They  continue  three  or  four  weeks,  and 
are  followed  by  immenfe  clouds  of  dragon  flies,  lihellula 
4  grandis 
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grandis  and  area ,  which  devour  every  thing,  and  are  ifl 
their  turn  devoured  bv  the  fwallows,  which  tind  them  in 
fwarms.  About  the  end  of  July  or  the  beginning  of  Auguft 
the  fecond  brood  appear,  and  accompanied  with  the  like 
circumftancesA 


'XXIII.  Memorandums ,  Hints ,  Precepts ,  and  Recipes  $  for 
the  Ufe  of  Artifs ,  Manufaffu/ers ,  and  others ;  including 
various  Jhort  Proceffes  either  new  or  little  known. 

[To  be  occaiionally  continued.] 

On  fome  Kinds  of  Gilding . 

T II E  value  which  has  always  been  fet  on  articles  made  of 
oold,  has  induced  artifts  to  devife  means  for  giving  to  works 
of  other  metals,  by  covering  them  with  a  thin  ft  rat  urn  of  gold, 
a  greater  value  than  they  really  poffefs.  Hence  the  origin  of 
gilding. 

In  real  gilding,  the  metal  is  either  immediately  covered 
with  leaf  gold,  or  an  amalgam  is  formed  of  gold  and  quick- 
filver,  with  which  the  metal  is  rubbed  over,  and  the  quick- 
hlver  is  then  (ublimated  by  means  of  heat. 

In  gilding,  a  great  deal  depends  on  cleaning  properly  the 
furface  of  the  metal  to  which  the  gilding  is  to  be  applied, 
becaufe  the  union  of  the  gold  with  the  metal  becomes  then 
more  intimate.  Silver,  copper,  brafs,  and  pinchbec,  may 
be  eafily  gilded,  either  by  means  of  gold  leaf,  or  of  gold 
amalgamated  with  mercury ;  but  iron  and  fteel  with  diffi¬ 
culty ;  nor  can  fo  durable  a  gilding  be  given  to  them  as  to 
other  metals  by  any  proceffes  yet  known.  The  caufe  of  this 
is,  that  the  furface  of  iron  or  fteel  during  the  procefs  of  gild¬ 
ing  cannot  be  kept  thoroughly  clean. 

Gilding  Iron  or  Steel  with  Gold  Leaf 

In  this  procefs  the  metal  muft  be  heated  before  the  gold 
leaf  can  be  applied,  which  expofes  it  to  the  rifque  of  having 
its  furface  oxidated,  beftdes  the  danger  of  having  the  temper 
at  the  fame  time  brought  too  low,  when  fword-blades,  dag¬ 
gers,  and  the  like,  are  fubjedled  to  the  procefs. 

Gilding  with  Amalgam  and  Nitrate  of  Mercury . 

In  gilding  iron  or  fteel  by  means  of  an  amalgam,  the  diffi¬ 
culty  and  the  danger  of  mifearrying  are  ftill  greater;  for,  as 
the  metal  has  no  affinity  for  the  mercury,  an  agent  muft  be 
employed  to  difpofe  the  furface  to  receive  the  gilding.  For 

this 
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this  purpofe  a  folution  of  mercury  in  nitrous  acid  (aquafortis), 
or  what  the  workmen  call  quickfilver  water,  is  applied  to  the 
parts  intended  to  be  gilded  :  the  acid,  by  a  ftronger  affinity, 
feizes  on  a  portion  of  the  iron,  and  depofits  in  the  place  of  it 
a  thin  coating  of  mercury,  which  will  not  refufe  a  union 
afterwards  with  the  gold  amalgam  that  may  be  applied ;  but 
by  this  procefs  the  furface  of  the  metal  is  injured  by  the  ni¬ 
trous  acid,  and  the  union  of  the  mercury  is  very  flight,  lb 
that  a  bright  and  durable  gilding  cannot  be  obtained. 

Gilding  with  Amalgam  and  Sulphate  of  Copper. 

Sometimes  a  folution  of  fulphate  of  copper  (blue  vitriol)  is 
applied,  with  a  camel’s  hair  pencil,  to  the  parts  of  the  fteel 
intended  to  be  gilt.  By  a  chemical  action  exactly  fimilar  to 
what  we  have  defcribed  as  taking  place  when  a  folution  of 
nitrate  of  mercury  is  employed,  a  thin  coating  of  copper  is 
precipitated  on  the  metal.  Copper  having  an  affinity  for 
mercury,  a  kind  of  union  may  bv  this  means  be  effebled  be¬ 
tween  the  amalgam  and  the  iron  or  fteel,  as  the  cafe  may  be. 

In  whichever  of  thefe  ways  the  amalgam  be  brought  into 
union  with  the  Iteel,  the  furface  is  injured  by  the  abtion  of 
the  acid  employed,  and  ftill  a  heat  fufficient  to  volatilize  the 
mercury  nmft  be  afterwards  employed.  Moft  artifis,  there¬ 
fore,  follow  the  firft  procefs,  that  of  applying  gold  leaf,  and 
burnifhing  it  down  on  the  article  while  hot;  which,  though 
a  laborious  procefs,  is  attended  with  lefs  rifle  of  the  furface 
being  injured. 

«s 

An  improved  Procefs  for  gilding  Iron  or  Steel. 

This  procefs,  which  is  lefs  known  among  artifis  than  it 
deferves  to  be,  may  prove  ufeful  to  thofe  who  have  occafion 
to  gild  iron  or  fteel.  The  firft  part  of  the  procefs  confifts  in 
pouring  over  a  folution  of  gold  in  nitro-muriatjc  acid  (aqua 
regia)  about  twice  as  much  aether,  which  mu  ft  be  done  with 
caution,  and  in  a  large  vefTel.  Thefeliquidsniuftthen.be 
fbaken  together:  as  foon  as  the  mixture  is  at  reft,  the  aether 
will  be  feeft  to  feparate  itfelf  from  the  nitro-muriatic  acid, 
and  to  float  on  the  furface.  The  nitro-muriatic  acid  becomes 
more  tranfparent,  and  the  aether  darker  than  they  were  be¬ 
fore  ;  the  reafon  of  which  is,  that  the  aether  has  taken  the  gold 
from  the  acid.  The  whole  mixture  is  then  to  be  poured  into  a 
glafs  funnel,  the  lower  aperture  of  which  is  fmall  *  but  this 
aperture  mult  not  be  opened  till  the  fluids  have  completely 
feparated  themfelves  from  eacli  other.  It  is  then  to  be 
opened;  by  which  means  the  liquid  which  has  taken  the 
Jowreft  place  by  its  greater  gravity,  viz.  the  nitro-muriatic 
acid,  will  run  off;  after  which  the  aperture  is  to  be  fhut,  and 
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the  funnel  will  then  be  found  to  contain  nothing;  but  aether 
mixed  with  the  gold  ;  which  is  to  be  put  into  well-clofed 
bottles,  and  preferved  for  ufe.  In  order  to  gild  iron  or  heel, 
the  metal  mutt  be  firft  well  polifhed  with  the  fined  emery,  or 
rather  with  the  fined  crocus  martis  or  colcothar  of  ‘vitriol  and 
common  brandy.  The  auriferous  aether  is  then  to  be  applied 
with  a  fmall  brufh  ;  the  aether  loon  evaporates,  and  the  gold 
remains  on  the  furface  of  the  metal ;  the  metal  may  then  he 
put  into  the  fire,  and  afterwards  polifhed.  By  means  of  this 
auriferous  aether  all  kinds  of  figures  may  be  delineated  on 
iron  bv  employing  a  pen  or  fine  brulh.  It  is  in  this  manner, 
we  believe,  that  the  Sohlinger  fabre  blades  are  gilded.  As 
every  ai  tilt  has  not  an  opportunity  of  procuring  a.  recipe  lor 
the  preparation  of  the  nitro-muriatic  acid  and  aether,  welhall 
here  give  precedes  for  both. 

Preparation  of  the  Nitro-muriatic  Acid. 

In  a  diffident  quantity  of  nitrous  acid  dHTolve  as  muck 
ful-ammoniac  as  it  can  take  up  in  a  cool  place.  Into  this 
nitro-muriatic  acid  put  the  gold,  after  it  has  been  reduced  to 
fine  powder  by  being  filed  or  beat  into  thin  leaves,  and  de- 
polit  it  in  a  warm  place  until  it  is  dilfolvcd.  This  dilution 
has  a  golden-yellow  colour,  and  gives  a  purple  tint  to  animal 
bodies. 

Preparation  of  the  JEther. 

Put  into  a  large  retort  one  pound  and  a  half  of  the  drongeft 
fpirit  of  wine,  and  pour  gradually  into  it  two  pounds  of  the 
ft  rouged  lulphuric'acid ;  lhaking  the  retort  a  little  each  time 
the  acid  is  poured  in.  The  liquid  will  become  hot,  and  the 
vapours,  difen  gaged  with  force,  will  diffufe  a  penetrating  and 
agreeable  odour.  When  you  have  poured  in  all  the  fulphuric 
acid,  rinfe  the  neck  of  the  retort  by  pouring  in  half  a  pound 
more  alcohol ;  and  having;  mixed  the  whole  thorougkly,  fuffer 
it  to  ftand  tor  fome  time  well  doled  up. 

Then  place  the  retort  with  the  mixture  in  a  fand-bath,and 
adapt  to  it  a  capacious  receiver,  and  make  a  fire  under  the 
retort.  ihe  heat  however  muft  be  flow,  audio  moderate 
that  the  receiver  may  never  be  heated  by  it.  The  did  illation 
mud  he  continued  until  a  iulphurous  odour,  indead  of  the 
agreeable  one,  is  obferved  at  the  mouth  of  the  receiver.  For 
this  purpole  the  receiver  may  he  now  and  then  emptied,  by 
which  means  the  odour  can  be  at  all  times  obferved. 

When  the  d  1  fl illation  is  ended  you  will  have  obtained  an 
aether ;  which  however  always  contains  partly  a  little  acidu¬ 
lous  water,  and  partly  fome  fpirit  of  wine. 
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To  obtain  it  perfectly  pure,  or  to  rectify  it,  put  it  again 
into  a  retort;  and  having  added  to  it  a  little  diffolved  alkali* 
in  order  to  abforb  the  acid,  place  it  in  a  very  gentle  land- 
bath,  and  adapt  to  it  a  receiver.  If  the  half  of  it  be  then 
driven  over  at  a  very  gentle  heat,  you  will  obtain  vety  pure 
aether. 

What  remains  after  the  firft  diftillation  confifts,  for  the 
moft  part,  of  fulphuric  acid  impregnated  with  fulphurous  gas 
and  with  carbonaceous  matter  furnifhed  by  the  decompolition 
of  the  alcohol. 

This  refiduitm  riiav  be  again  etnployed  for  the  preparation 
of  aether.  For  this  purpofe  pour  over  it  good  lpirit  of  wine* 
but  always  a  third  Ids  than  before,  and  proceed  to  diftilla¬ 
tion  :  if  you  then  r edify,  you  will  obtain  good  aether* 

Another  good  Procefs  for  Gliding, 

iEther  is  proper,  as  has  been  above  remarked,  for  taking 
up  gold  from  the  nitro-muriatic  acid.  Thofe  to  whom  this 
preparation  of  aether,  for  the  purpofe  of  gilding,  appears  too 
difficult,  may  ufe  in  its  head  effential  oils,  fuch  as  lpirit  of 
turpentine,  oil  of  lavender,  and  the  like;  which  will  alfo  take 
gold  from  its  folution* 

To  prepare  the  Alcohol . 

As  it  is  fometimes  difficult  to  procure  alcohol  ready  pre¬ 
pared,  the  following  method  of  rectifying  weak  lpirit  of  wine 
will  be  found  very  advantageous  to  artifts  : 

Take  well  dried  potafh  and  pour  over  it  fpiril  of  wine  :  the 
latter  will  not  unite  with  the  potafh,  but  the  water  which  it 
may  contain  will  be  taken  up  by  that  alkali.  The  fpirit  of 
wine  is  then  to  be  poured  into  another  glafs,  and  fubjeded 
to  the  fame  operation  as  before.  This  procefs  is  to  be  re¬ 
peated  till  it  is  obferved  that  the  potafh  is  no  longer  very 
moift.  Such  fpirit  of  wine  is  exceedingly  itrong,  but  rendered 
a  little  impure  by  the  potafh,  as  will  appear  from  its  yellowifh 
colour.  It  mu  ft  therefore  be  poured  into  a  retort,  having  a 
receiver  adapted  to  it,  and  diftilled  to  a  fifth  part  over  a  flow- 
heat.  What  comes  over  is  alcohol. 

Cold  Gilding  of  Silver, 

Befides  the  above  methods  of  gilding,  there  is  alfo  a  cold 
gilding  of  filver,  which  can  be  fpeedily  done,  and  with  little 

trouble. 

Diffolve  gold  in  the  nitro-muriatic  acid,  and  dip  fome  linen 
rags  in  the  folution  ;  then  burn  them,  and  carefully  preferve 
the  afhes,  which  will  be  very  black,  and  heavier  than  com- 
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mon.  Rub  thefe  allies  011  the  furface  of  the  filver  either  with 
the  fingers  or  a  piece  of  leather  or  of  cork,  by  which  means 
the  fine  particles  of  gold  they  contain  will  be  left  on  the  fur- 
face  of  the  metal.  If  the  filver  be  then  wafhed,  fo  as  to  re¬ 
move  the  remaining;  part  of  the  allies,  the  filver  will  have 
fcarcely  any  appearance  of  gilding;  but  on  being  burni died 
it  will  affume  a  beautiful  gold  colour.  This  method  af  gilding 
is  very  eafy,  and  requires  very  little  gold. 

Gilding  of  Profs. 

Fine  inftrurnents  of  brafs,  in  order  that  their  furface  may 
be  kept  longer  clean,  may  be  gilded  in  the  following  manner: 

Provide  a  faturated  folution  of  gold,  and,  having  evaporated 
it  to  the  confidence  of  oil,  fuller  it  to  {hoot  into  cryftals,. 
Thefe  cryftals  muft  then  be  difiolved  in  pure  water,  and 
the  articles  to  be  gilded  being  immerfed  in  it  are  then  to* 
be  wafiied  in  pure  water,  and  afterwards  burmlhed.  This 
procefs  may  he  repeated  feveral  times  till  the  articles  have 
been  well  gilt.  A  folution  of  gold  cryftals  is  preferred  to  a 
mere  folution  of  gold,  becaufe  in  the  latter  there  is  always 
a  portion  of  free  acid,  which  will  not  fail  to  exercife  more  or 
lefs  adticn  on  the  furface  of  the  brafs  or  copper,  and  injure 
its  polifh. 

Ijoclcering  of  Brafs. 

Various  articles  made  of  brafs  have  fometimes  an  appear¬ 
ance  as  if  they  were  gilded.  This  appearance,  however,  is 
produced  by  means  of  a  folution  of  gum-lac  in  (pint  of 
wine,  with  which  they  are  rubbed  over.  As  long  as  the 
lac  lafts,  they  retain  their  fplendour.  Thefe  articles,  how¬ 
ever,  are  attended  with  this  inconvenience,  that  they  muft 
never  he  cleaned  with  a  ftrong  brufti,  or  fcoured  with  chalk 
and  the  like,  hut  only  be  wiped  with  a  loft  rag;  for  as  loon 
as  the  lac  is  rubbed  off  they  lofe  their  brilliancy.  A  varnilh 
of  this  kind  may  be  prepared  in  the  following  manner: 

Diftblve  two  ounces  of  very  pure  and  line  guru -lac  in 
48  ounces  of  alcohol,  and  place  the  folution  in  a  fand-bath 
expoled  to  a  moderate  heat.  To  prevent  the  too  abundant 
evaporation  of  the  fpirit  of  wine,  as  well  as  the  burftmg  of 
the  glafs,  a  piece  ol  bladder  ought  to  be  bound  over  the 
latter,  and  a  few  holes  made  in  it  with  a  needle.  In  another 
glafs  diflolve,  in  the  fame  quantity  of  fpirit  of  wine,  an  ounce 
of  dragon’s  blood  in  grains.  When  both  the  filiations  are 
completed,  mix  them  together;  then  put  three  grains  of  yel¬ 
low  wood  into  it,  and  fnffer  it  to  remain  there  twelve  hours 
in  a  moderate  heat :  after  which  ftrain  the  liquor 


througn? 

O 

filtering 


Letter  from  Vrofeffor  PiBet  of  Geneva .  349 

filtering  paper,  and  preferve  it  for  ufe  in  a  clean  glafs  bottle. 
To  give  this  lac-varnibi  a  high  gold  colour,  yellow  wood  is 
preferable  to  every  other  fubiiance.  If  the  varnifh  is  intended 
to  be  pale,  and  not  to  change  the  colour  of  the  brafs,  the 
yellow  wood  may  be  omitted ;  but  if  a  bronger  colour  be  re¬ 
quired,  a  half  more  of  the  yellow  wood  may  be  added. 


XX!  V.  Letter  from  Prof e for  Pictet.,  F.R.S.  Vrofeffor  of 
Natural  PhUofophy  at  Geneva.. 

To  Mr.  Tllloch . 

SIR,  Paris,  October  23,  1801. 

During  my  flay  here,  on  my  return  from  England, 
1  have  had  the  fatisfa&ion  of  meeting  often  the  celebrated 
Italian  profeffor  Volta,  who,  in  company  with  his  friend 
Brugnatelli,  profeffor  of  chemiftry  at  Pavia,  has  undertaken 
a  philofophical  journey  to  this  metropolis  to  give  and  to  col¬ 
led  information.  I  have  been  repeatedly  a  witnefs  to  a  moll 
ingenious  and  interefting  feries  of  experiments,  by  which  pro¬ 
feffor  Volta  demon  ft  rates  the  evident  identity  between  what 
has  been  called  the  galvanic  fluid  and  common  eledricity.  A 
fhort  expofition  of  the  leading  faffs  will  not,  perhaps,  be  un¬ 
acceptable  to  your  philofophical  readers. 

He  begins  by  blowing,  with  the  help  of  his  condudor 
and  a  common  eledrometer  made  with  two  hanging  bits  of 
itraw,  a  new  and  fundamental  fad  111  eledrics,  viz.  that  dif¬ 
ferent  metals  (and  even  other  fubftances)  mutually  impart 
to  one  another,  by  a  mere  dry  contaB ,  a  certain  quantity  of 
dedricity;  after  this  exchange,  made  rather  by  a  kind  of 
impulfe  than  bv  affinitv,  they  are  found  to  poffefs  oppobte 
{fates  of  eledricity,  eafily  demonftrable  by  the  common  teft 
with  fealing-wax. 

He  {hows  afterwards,  that  if  a  fvftem  of  two  different  metals 
be  difpofed  in  the  following  order — copper,  zinc,  copper — 
without  any  intermediate  conduding  liquid,  no  change  of 
the  eledric  bate  takes  place  in  that  cafe;  becaufe  the  influ¬ 
ence  of  the  copper  on  zinc  on  one  fide,  is  balanced  by  a 
fimilar  and  contrary  influence  on  the  other.  But  if  a  piece 
of  wet  paper  be  put  between,  then  the  eledrical  equilibrium 
is  immediately  deftroyed  by  the  contad,  and  the  phenomena 
appear. 

The  better  the  conduding  liquid  happens  to  be,  the  greater 
is  the  effed.  Thus  brine  or  acidulated  water  ad  more  ftrongly 
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than  pure  water,  merely  as  better  condution.  This  fact  he 
alfo  proves  by  direct  experiments. 

On  thefe  three  fundamental  faCis.he  then  builds  his  whole 
fabric.  Let  the  apparatus  be  a  pile,  a  feries  of  cups,  or  a 
trough,  his  theoretical  pofitions  anfwer  equally  well.  He 
explains,  among  many  curious  phenomena,  why  the  Vol¬ 
taic  pile  charges  a  large  Leyden  jar,  by  a  Angle  inftantaneous 
contact,  much  more  than  the  electrical  machine  in  the  fame 
cireum  fiance. 

He  thus  transfers,  from  a  pile  of  ioo  or  2CO  couples,  to  a 
very  large  Leyden  jar,  and  even  to  a  battery,  by  a  tingle 
contaCl,  which  labs  not  above  i-ioth  of  a  fecond,  the  fame 
degree' of  electrical  charge  which  the  electrometer  fhows  to 
exitl  in  the  pile,  and  the  faculty  of  giving  a  thock  equally 
ltrong.  Thole  experiments  require  the  molt  perfeCt  conti- 
rmity  in  the  conductors ;  metallic  chains  mutt  therefore  be 
excluded  from  the  circuit. 

The  frogs  and  other  animals  put  in  motion  after  death  by 
what  has  been  hitherto  called  the  galvanic  influence ,  are  in 
his  theory  but  mere  electrometers.  He  (hows,  in  particular, 
that  a  half  frog,  difpoled  in  the  common  way,  is  almoft  in¬ 
definitely  fufceptible  of  mufcular  contractions  by  merely  in¬ 
verting  alternately  its  pofition  relative  to  the  direction  of  the 
eleCtrical  current:  that  is,  when  blunted,  for  inftance,  by  a 
number  of  difcharges  palling  from  the  right  leg  to  the  left, 
it  recovers  its  whole  lufceptibility  if  it  be  but  half  turned 
round,  fo  as  to  reverfe  the  courfe  the  fluid  takes;  and  this 
repeatedly  for  a  long  while,  till  bordering  on  putrefaction. 

A  commiflion  chofen  among  the  ableft  eleCtricians  in  the 
National  Inflitute,  has  been  named  to  examine  both  the 
theory  of  the  learned  profefl’or  and  the  experiments  on  which 
it  is  grounded.  He  intends  to  colleCt  foon,  in  one  Angle 
performance,  the  moll  cflential  faCts  and  inferences  he  has 
publilhed  at  different  times  on  the  fubjeCt ;  and  in  the  mean 
time  my  friend  Mr.  De  la  Metherie  prepares  for  the  Journal 
de  Phyflque  an  account  more  circumflantial  than  the  flight; 
{ketch  I  am  now  forwarding  to  you,  rather  fit,  I  confefs,  to 
excite  than  to  gratify  your  curiofity. 

I  am,  See. 

M.  A,  Pictet^ 
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XXV.  Letter  to  the  Editor  of  the  Bhil  of o pineal  Magazine. 

Refpe&ed  Friend, 

rJ_> H  E  fubjoined*  paper  has  appeared  to  me,  on  perufal, 
fufficiently  interelling  to  deferve  publication  in  the  Philofo- 
'phical  Magazine.  It  is  another  proof  (which  I  was  not 
polfeffed  or  at  the  time  my  etfay  on  the  fame  fubjeH  ap¬ 
peared)  of  the  attention  which  this  queftion  had  obtained  on 
the  continent;  and  as,  notwithftanding  a  confiderable  fimi- 
larity  in  the  introductory  part,  our  inquiries  appear  to  have 
been  directed  to  diflimSt  though  elofcly-connettcd  branches 
of  the  lubje<5t,  each  of  thefe  papers  may  prove  to  the  reader  a 
ufeful  commentary  oh  the  other.  The  infertion  of  it  will 
therefore  be  acceptable  to 

Thy  Friend, v 

Plailow,  16th  of  the  Tenth  Month,  iboi.  L.  HOWARD. 

On  the  Inf  uence  which  the  Sun  has  on  the  State  of  the 
Barometer .  By  J.  J.  Hemmer*. 

WHEN  philofophv,  in  modern  times,  emerged  from  that 
lamentable  Hate  of  darknefs  in  which  it  was  for  fo  many  years 

j 

involved,  and  philofophers  employed  the  more  rational  and 
certain  way  of  obfervation  and  experience  for  examining  the 
nature  of  things,  all  the  aflfertions  and  opinions  of  the  antients 
refpehling  the  influence  of  the  heavenly  bodies  were  fubjehled 
to  more  accurate  inveftigation.  Some,  as  being  contrary  to 
experience,  were  totally  rejehfed ;  others  were  retained,  and 
placed  beyond  all  doubt,  as  they  evidently  coincided  with 
nature;  and  others  were  clalled  among  uncertainties,  as  ex¬ 
perience  furnifhed  nothing  decifive  for  or  again ft  them. 
Among:  the  number  of  the  latter,  according  to  mod  modern 
philofophers,  is  the  opinion  that  a  part  of  the  wonderful  va¬ 
riations  which  we  obferve  in  the  barometer  are  to  be  aferibed 
to  the  effects  of  the  fun  and  moon,  and  other  heavenly  bo¬ 
dies.  This  opinion,  indeed,  after  a  long  feries  of  experiments 
and  refearcbes,  appeared  to  Pafcal,  Garcin,  Wallis,  Halley, 
De  la  Hire,  Mariotte,  Woodward,  Leibnitz,  Mairon,  Ber¬ 
noulli,  Mnfchenbrock,  De  Luc,  &c.  fo  little  fupported  by 
proofs  drawn  from  nature,  that  they  did  not  think  proper  to 
mention  it.  This,  however,  is  much  to  be  wondered  at  in 
regard  to  De  Luc,  as  he  fays  in  his  work  on  the  atmofphere, 
that  it  is  attradled  with  more  or  lefs  force  by  the  planets,  ac¬ 
cording  to  their  different  di (lances. 

*  From  the  ‘lranfuftions  of  the  Electoral  Academy  of  Sciences  at  Erfurt , 
Vol,  vi. 
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Some  celebrated  philofophers,  however,  of  the  prefer*! 
day  have  confidently  believed,  that  if  the  variations  of  the  ba¬ 
rometer  were  carefully  compared  with  the  different  portions 
and  diftances  of  the  heavenly  bodies,  and  particularly  of  the 
fun  and  moon,  it  would  be  found  that  many  confiderable  va¬ 
riations  of  the  date  of  the  mercury  in  the  Torricellian  tube 
are  effected  by  them.  For,  as  the  flux  and  reflux  of  the  fea 
depend  on  the  fun  and  moon,  it  cannot  be  doubted  that  in 
the  atmofphere  of  the  earth,  which  is  much  lighter  than  the 
water  of  the  fea,  movements  of  the  fame  kind,  which  have 
an  influence  on  the  barometer,  mu  ft  take  place.  The  firft 
experiments  on  this  fubject  were  made  about  fifteen  years 
ago  by  the  celebrated  Lambert,  who  employed  for  that  pur- 
pofe  eleven  years  obfervations  of  the  barometer  made  by 
Doppelmayer  of  Nuremberg,  and  compared  them  with  the 
apogeum  and  perigeum  of  the  moon.  He  was  not  able,  how¬ 
ever,  to  obtain  any  certain  refult,  and  confldered  the  period 
of  the  obfervations  as  too  (horl. 

Toaldo,  who  was  furnifhed  with  much  more  abundant 
materials,  refumed  the  fubjedf,  and  by  means  of  the  forty 
years  obfervations  of  the  Marquis  de  Poleni  and  fon,  with 
eight  years  of  his  own,  had  a  feries  of  forty-eight  years  ob¬ 
fervations.  After  a  laborious  comparifon  of  thefe  with 
the  apfides,  fyzigies,  and  quadratures  of  the  moon,  and 
with  the  paffage  of  the  moon  and  fun  through  the  figns  of 
the  zodiac,  he  thought  he  difeovered  undoubted  proofs  of  a 
perceptible  influence  of  the  moon  and  fun  on  the  barometer. 
M.  Frill  of  Milan  endeavoured  to  controvert  this  affertion, 
which  had  been  the  refult  of  fo  much  labour,  and  maintained 
that  the  variations  of  our  atmofphere  have  no  fimilitude  to 
the  flux  and  reflux  of  the  fea,  and  can  admit  of  no  compari¬ 
fon,  as  the  latter  is  regular  and  invariable,  the  former  only 
temporary.  The  flux  and  reflux  of  the  fea,  in  regard  to  time 
and  duration,  are  fo  certain,  that  there  are  tables  of  them 
for  all  the  principal  fea-ports,  which  never  err;  whereas  the 
variations  of  the  atmofphere  are  at  the  fame  time  in  differ¬ 
ent  places,  and  in  the  fame  place  at  different  times,  fo 
great,  that  where  it  rains  at  one  period  for  three  or  four 
months  it  is  fometimes  as  long  without  rain.  It  fufficiently 
appears  at  prefent,  from  mathematical  calculations,  that 
during  the  paffage  of  the  moon  or  fun,  from  the  horizon  to 
the  meridian,  the  daily  height  of  the  barometer  cannot  be 
changed  more  than  \  of  a  line,  Paris  meafure,  by  the  effedt 
of  the  former,  and  about  T~z  by  the  eflfedt  of  the  latter. 

To  many,  however,  FrifPs  reafons  did  not  appear  fo  con- 
cluflve  as  to  make  them  give  over  their  refearches  on  this  fub- 
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je&;  and  in  particular,  mod  of  the  members  of  our  meteoro¬ 
logical  fociety,  among  whom  M.  Steiglehner,  Planer,  and 
Chiminello,  have  taken  great  pains.  The  fir  ft  fays,  that  he 
found,  by  feveral  comparative  obfervations,  that  the  greateft 
fall  of  the  barometer  does  not  happen  in  very  remote  places 
at  the  fame  time,  but  that  it  is  earlier  towards  the  weft,  and 
later  towards  the  eaft,  and  that  the  difference  of  the  time  is 
nearly  equal  to  the  difference  of  the  meridians  of  the  places;  an 
affertion  which  indeed  defervestobe  more  accurately  examined. 

M.  Planer  obferved  the  barometer  for  a  whole  year,  fix 
limes  every  day,  or  every  fourth  hour  of  the  natural  day,  at 
two,  fix,  and  ten  in  the  morning,  and  at  the  fame  hours 
afternoon;  and  found,  in  general,  that  the  barometer,  be¬ 
tween  ten  in  the  morning  and  two  in  the  afternoon,  and  be¬ 
tween  ten  at  night  and  two  in  the  morning,  was  lefs  in  its 
riling,  and  greater  in  its  fall;  and  that  the  contrary  was  the 
cafe  between  the  hours  of  fix  and  ten  in  the  evening;  and 
morning.  M.  Ghiminello  obferved  the  barometer  twenty- 
two  times  a  day  for  three  years,  but  he  left  a  chafm  in  the 
night  which  he  fupplied  by  calculation.  The  principal  po¬ 
rtions  which  he  thence  deduced,  are,  that  the  barometer 
falls  towards  noon,  as  well  as  towards  midnight*. 


*  In  examining  a  twelve-months’  Regifter,  kept  by  - - Dunbar,  F.fiq. 

near  the  banks  of  the  Miffifippi,  in  N.  la t.  310  2  8 and  long.  910  ^o'W. 
or  Greenwich,!  which,  for  the  greater  facility  of  companion,  i  have  laid 
down,  with  others,  on  a  fcale  in  the  manner  I  have  heretofore  exhibited, 
there  occurs  a  remarkable  inftance  of  a  diurnal  variation.  For  the  fpace 
of  about  four  days  before,  and  fix  days  after  the  fummer  fo'ftice,  the  ba¬ 
rometer  regularly  riles  from  about  9  1J.  M.  to  about  6  A.  M.  then  falls  till 
the  return  of  the  former  hour  in  the  evening,  then  riles  again  as  before, 
&Om  alternate  periods.  In  the  firft  four  days  the  diredfion  is  afeending , 
and  the  elevation  of  a  line  drawn  through  the  mean  is  about  of  an 

.  IOD 

inch.  In  the  latter  fix  days  the  mean  line  is  perfectly  horizontal,  the  ele¬ 
vation  each  night  amounting  to  and  the  depreffion  each  day  to  the 

fame,  but  occupying  double  time.  The  times  above  given  are  thole  at 
which  the  obfervations  were  made,  but  it  is  probable  that  the  maximum 
and  minimum  each  day  correfponded  rather  with  the  times  of  fun-rife  and 
iun-let.  The  firft  period  of  four  days  was  dry,  with  a  temperature  of  92* 
iti  the  middle  of  the  day.  This  ended  in  a  thunder  ftorm,  on  the  21ft  of 
the  month,  with  0,82  inches  of  rain.  The  barometer,  after  this,  rofe  y £  ^ 
in  the  night,  then  remained  mottly  ftationary,  with  cloudy  weather,  until 
the  evening  of  the  26th,  beginning  a  fecond  period  of  fix  days,  during 
which  brilk  winds  at  S.  S.  E.  and  S.  W.  prevailed  with  rain  every  after¬ 
noon  or  evening,  amounting,  in  all,  to  1,7  inches.  Temperature  85°.  The 
whole  occupied  juft  the  fpace  between  full  and  new  moon;  and  there  are 
traces  of  the  operation  of  this  periodical  influence  in  other  parts  of  the 
Regifter. 

1  final  1  not  prefume,  at  prefent,  to  aferibe  this  variation  entirely  to  plane¬ 
tary  influence;  but  the  fadts  are  worthy  examination  in  that  refpedt  L.  H. 
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The  obfervations  of  thefe  three  men  afford  feme  indications 
of  the  influence  which  the  heavenly  bodies  have  on  the  baro¬ 
meter,  and  to  which  M.  Planer  aferibes  part  of  the  etfeefs : 
but  he  is  far  from  proving  this;  for  the  number  of  the  places 
the  obfervations  were  made  at,  which  M.  Steiglehner  com¬ 
pared,  were  not  above  three,  and  confequently  too  few  to  de¬ 
termine  the  queflion.  The  cafe  is  the  fame  with  the  flx  ob¬ 
fervations  of  M.  Planer,  made  daily,  as  has  been  obferved 
by  JVl.  Chiminello.  And  might  not  what  is  aferibed  to  the 
period  of  four  hours  have  happened  in  the  lad  hour,  or  the 
lad  half-hour  ?  Chiminello’s  experiments  are  of  more  im¬ 
portance,  but  for  want  of  night  obfervations  they  are  dill 
defective  and  imperfect. 

In  this  refpedt,  however,  I  was  more  fortunate,  as  T  had 
an  eafv  and  lure  method  of  following  all  the  variations  of  the 
barometer,  and  even  the  fmalled,  by  night  as  well  as  by  day. 
I  had  in  mv  pofleffion,  at  that  time,  a  barometer,  belonging 
to  the  Electoral  Phydcal  Mufeum,  invented  latelv  by  M. 
Changeux,  and  called  a  barometrograph,  which  .being  con¬ 
nected  with  a  clock  diows  the  date  of  the  mercury  every 
four  minutes,  by  means  of  a  point  impreflfed  on  a  moveable 
plate.  I  began  on  the  aid  of  May  1785  to  make  ufe  of 
this  excellent  indrument,  and  it  appeared  to  me,  by  repeated 
obfervation,  that  a  continual  variation  took  place  towards 
noon  as  well  as  towards  midnight.  By  more  accurate  oh- 

*  •  ^  .  m  — 

fervation,  I  found  that  this  variation  in  the  mercury  confllls, 
at  lead,  in  an  inclination  to  fall.  But  that  I  might  be  more 
certain  in  treating  a  queftion  of  fo  much  importance,  I  re- 
folved  to  compare  all  the  obfervations  from  the  firft  day  to  the 
end  of  the  year,  which  are  printed  in  five  volumes  of  our 
Ephemerides.  In  that  time  I  found  that  the  paffage  of  the 
fun  over  the  meridian  by  day  and  by  night  had  taken  place 
446  times,  and  confequently  as  many  variations  of  the  baro¬ 
meter  were  to  be  conddered.  From  the  mod  accurate  com¬ 
panion,  the  following  three  rules  prefented  themfelves : 

id,  When  the  fun  pafles  the  meridian,  the  barometer,  if 
in  the  aft  of  falling,  continues  to  fall,  and  the  falling  is 
accelerated.  , 

2d,  When  the  fun  pafles  the  meridian,  the  barometer,  if 
in  the  a£t  ol  rifing,  falls,  or  becomes  flationary,  or  rifes  more 
flowly. 

3d,  When  the  fun  pafles  the  meridian,  the  barometer, 
which  is  dationary,  falls,  if  it  has  not  rilen  before  or  after 
being  dationary;  in  which  cafe  it  ufually  becomes  dationary 
during  the  fun’s  paffage. 

The  fird  rule  had  only  one  exception,  the  fecond  none, 
4  and 
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sue!  the  third  fix.  rihe  laft  were  all  in  the  night-time  ex¬ 
cept  one.  On  this  occafion,  the  barometer  during  the  fun’s 
pail  age  over  the  meridian  ftood  ftill,  though  it  fell  before 
and  after.  When  thefe  feven  exceptions  are  dedudted  from 
the  44 6  variations  there  remain  439,  which  accord  with  the 
rules.  When  I  lay,  however,  that  thefe  variations  took 
place  during  the  lun’s  p allage  over  the  meridian,  I  do  not 
mean  by  that  expreflion  the  very  moment  when  the  fun  is 
exactly  in  the  meridian,  but  the  whole  period  when  he  is 
near  it. 

All  thefe  variations  took  place  between  eleven  o’clock  and 
half  after  one,  confequently  within  the  fpaee  of  an  hour  and 
a  half;  except  fix,  five  of  which  happened  half  an  hour  or 
a  quarter  before  eleven,  and  one  about  an  hour  after  noon  ; 
which,  indeed,  niuft  be  aferibed  to  a  particular  caufe,  which 
either  haftened  or  retarded  the  efFebt  of  the  general  caufe.  Of 
the  above-mentioned  409  variations,  54  took  place  after  twelve 
o’clock,  and  all  the  reft  before  one. 

As  it  is  therefore  certain  that  the  barometer  during  the 
paflage  of  the  fun  over  the  meridian  is  always  inclined  to  fall, 
it  cannot  be  doubted  that  the  caufe  of  fo  invariable  a  phe¬ 
nomenon,  which  follows  fo  remarkable  laws,  and  recurs  at 
the  fame  time  under  the  like  circum fiances,  muft  be  conflant 
and  invariable.  It  is  at  prefent  well  known  that  the  prin¬ 
cipal  atmofpheric  caufe  of  the  falling  of  the  barometer  is 
heat  and  evaporation.  But  it  appears,  on  clofer  examination, 
that  neither  of  thefe  can  produce  the  phenomenon  in  ques¬ 
tion.  What  M.  De  Luc,  however,  fays  *,  that  the  lead 
height  of  the  barometer,  when  no  particular  caufe  intervenes, 
always  takes  place  about  the  hotted  part  of  the  day,  which 
in  every  ieafon  is  about  J-  of  the  artificial  day,  might  lead  to 
aiuipicion  that  the  falling  of  the  barometer  about  noon  pro¬ 
ceeds  from  the  heat.  For,  as  there  is  a  confiderable  increafe 
of  heat  about  noon,  a  perceptible  falling  of  the  mercury  about 
the  fame  time  muft  he  connebted  with  it,  until,  in  the  above- 
mentioned  part  of  the  day,  the  mercury  reaches  its  lowed 
fiate,  and  the  heat  attains  to  its  maximum.  But  if  we  admit 
that  the  greatefi  heat  commonly  takes  place  about  the  of 
the  day,  experience  forbids  us  to  aferibe  to  the  fame  period 
the  greatefi;  falling  of  the  mercury.  I  have  therefore  con- 
firudted  a  table  in  which  the  lowed  ftate  of  the  mercury  for 
each  day  of  the  month,  between  noon  and  the  evening,  or 
pight,  is  given  from  the  above-mentioned  barometrographie 

Re  c  here  ha  fur  les  Modifications  de  V  Atmofphere,  vol-ii.  p.  94. 

observations. 
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observations  *.  This  date  of  the  barometer  takes  place  when 
she  mercury  ceafes  to  fall  and  afterwards  begins  to  rife,  or 
before  riling  is  dationarv.  When  it  does  not  rile  after  noon, 
but  finks  continually  or  by  intervals,  the  lowed  date  after 
,21000  mud  be  at  midnight.  The  cale  is  the  fame  when  it 
brd  rifes  after  noon,  and  afterwards  falls  towards  the  end  of 
the  natural  dav.  But  when  it  continually  rifes  after  noon, 
though  this  movement  may  be  interrupted  by  its  once  be¬ 
coming  da t ionary,  the  lowed  date  when  it  falls  early,  or  when 
this  does  not  happen,  is  to  be  conddered  as  taking  place 
about  twelve  at  noon.  When  in  this  cale  a  irequent  falling 
takes  place  in  tire  morning,  I  have  ohierved  that  it  was  neared 
noon  and  the  |  of  the -day :  when  the  qnickfilver  rofe  and 
fell  feveral  times  between  noon  and  evening,  I  marked  feveral 
hours,  without  further  examining  at  which  the  date  of  the 
barometer  was  lowed. 

Now/  it  appears  from  thefe  tables,  that  in  121  days  the 
lowed  date  of  the  barometer  correfponded  only  ten  times 
with  the  1  of  the  day  ;  on  the  other  hand,  it  deviated 
from  that  period  ten  times  about  half  an  hour,  at  other 
times  a  whole  hour,  and  often  half  a  day;  and  consequently 
De  Luc’s  rule,  at  lead  according  to  my  obiervations,  is  not 
correct. 

We  mav  therefore  afk  thofe  who  afcribe  the  falling  of  the 
barometer  to  heat.  Why  diould  this  caufe  be  fo  clofely  con¬ 
fined  to  the  period  between  11  in  the  morning  and  the  middle 
of  the  drft  hour  after  midnight  ?  Why  does  it  not  take  place 
earlier  or  later,  when  the  mercurv  rifes  continually  the  whole 
dav,  or  feveral  days  either  fall  a  little  towards  noon,  or  at 
lead  become  dattonary  or  rife  dowdy?  and.  Why  does  not 
this  rather  take  place  feveral  hours  after  noon,  the  time  at 
which  the  heat  generally  is  the  greated  ? 

But  that  heat  is  not  the  caufe  of  this  phenomenon  is  proved 
by  the  falling  of  the  mercury  at  midnight;  which  is  no  lefs 
common  and  certain  than  the  falling  at  noon  :  on  account  of 
the  cold,  it  ought  then  rather  to  rife  or  to  fall. 

We  may  afi'ert  the  fame  thing  of  vapour  as  of  heat,  as 
thefe  have  the  clofed  connection  with  each  other.  As  a 
certain  accumulation  of  vapours  didblved  in  the  atmofphere 
makes  the  air  lighter,  and  obliges  the  barometer  to  fall,  the 
power  with  which  it  acts  on  the  inftrument  mud  be  in  pro¬ 
portion  to  its  quantity.  When  it  obliges  the  barometer, 

*  This  table  has  been  omitted  in  this  tranflation,  becaufe  the  refults  here 
given  are  fuflkient. 

^  therefore. 
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therefore,  to  fall  towards  noon,  why  does  the  latter  fo  often 
rife  afterwards?  What  then  leflens  the  quantity  of  thefe 
vapours  when  the  heat,  which  by  its  nature  promotes  their 
folution,  hill  increafes,  or  at  any  rate  does  not  become  lefs  > 
How  does  it  happen  that  the  barometer  falls  in  the  night  ?  as 
about  that  time  the  vapours  are,  for  the  molt  part,  precipi¬ 
tated  from  the  atmofphere,  Why  do  they  exercife  the 
greateft  force  exa&ly  at  midnight?  and,  By  what  law  of 
nature  are  they  more  connected  with  that  than  with  any 
other  period  ? 

It  may  here  evidently  be  feen,  that  the  conftanl  fading  of 
the  barometer  about  noon  and  midnight  can  be  occafloned 
neither  by  heat  nor  by  the  effect  of  vapours. 

Befides  thefe  two  caufes,  and  the  winds,  we  are  acquainted 
with  no  others  in  our  atmofphere  which  can  make  the  baro¬ 
meter  to  fall.  But  as  the  wind  often  becomes  calm  about 
noon  and  midnight,  or,  when  it  blows,  is  of  fuch  a  nature 
that  it  does  not  make  the  column  of  air  which  preffes  on  the 
barometer  lighter,  it  is  evident  that  the  falling  of  the  mer¬ 
cury  about  thefe  times  cannot  arife  from  the  wind. 

What  then  remains  but  to  ffek  without  our  atmofphere 
for  the  caufe  of  this  phenomenon?  It  is  evident  that  it  is  to 
be  found  in  the  fun  ;  for,  as  by  its  attraction  it  moves  the 
water  of  the  ocean,  it  mult  exercife  a  ftiil  ftronger  action  on 
the  column  of  air;  and  from  what  is  known  refpeCting  the 
flux  and  reflux  of  the  fea,  the  whole  phenomenon  may  be 
ealily  explained.  In  the  flrtt  place,  as  the  atmofpheric  flux 
and  reflux  themfelves  mutt  depend  on  the  fun’s  paffage  over 
the  meridian,  it  mutt  alfo  take  place  both  at  the  diurnal  and 
the  nocturnal  paffage  of  the  fun  ;  becaufe  the  flux  and  reflux 
of  the  atmofphere,  like  thofe  of  the  fea,  mutt  happen  at  the 
fame  time  on  oppoflte  tides  of  the  terreftrial  hemifphere.  In 
the  latt  place,  the  atmofpheric  flux  which  produces  the  falling 
of  our  barometer  is  only  an  efleCt  of  the  flux  which  takes 
place  between  the  tropics,  where  the  air  during  the  paffage 
of  the  fun  afeends,  and  therefore  proceeds  thence  from  us, 
as  happens  in  all  the  tides  of  the  fea  which  lie  beyond  thefe 
circles.  That  thefe  tides,  which  arife  by  communication,  are 
tranfmitted  more  fpeedilv  and  by  a  longer  duration  in  the 
atmofphere  than  in  the  ocean,  mav  be  concluded  from  this 
eireumftance,  that  the  particles  of  the  air  have  lefs  gravity 
and  lefs  mutual  ad  hell  on. 


XXVI,  Letter 


[  153  t 

XXVI.  Letter  from  L,  W.  Dillwyn,  Efq.  to  W.  Lf„ 

Pepys  jun.  Efq.  ref  petting  the  Effetts  of  the  Oxy  muriatic 

Acid  on  the  Growth  of  Plants* . 

My  dear  Friend,  Higham  Lodge,  Sept,  7,  1S01. 

nn 

-1  HE  few  experiments  I  made  on  the  effects  of  the  oxy¬ 
genated  muriatic  add  on  the  growth  of  plants,  I  conceive  to 
be  too  infignificant  to  merit  much  attention  :  however,  at  thy 
defire,  I  here  relate  them,  and  give  thee  the  few  thoughts 
that  have  occurred  relpe&ihg  them. 

From  what  M.  Humboldt  afierts  refpeding  railing  feeds 
fo  very  rapidly  by  means  of  the  oxymuriatic  acid,  the  quef- 
tion  occurred  to  me,  whether  it  might  not  be  fuccefsfully 
nfed  for  railing  early  crops  of  milliard  and  crefs,  radi flies, 
&c.  and  therefore  early  in  March  I  fowed  two  patches  of 
each  (as  well  as  of  fome  other  plants)  in  a  fheltered  fituation 
in  the  open  air,  and  kept  one  of  each  conftantly  moift  in 
the  common  way,  and  the  other  with  a  mixture  of  one  large 
tea-fpoonful  of  oxymuriatic*  acid  to  a  pint  of  water;  and  in 
no  inftance  did  there  appear  to  be  any  difference  with  refpedf 
to  the  time  of  germination. 

I  then  tried  the  fame  experiment  on  two  pots  of  balfams 
in  a  hot-bed,  and  alfo  on  fome  coxcombs.  Thofe  balfams 
moiftened  with  the  diluted  oxymuriatic  acid  all  came  up  irt 
90  hours,  whilfi  none  of  the  others  appeared  till  near  30 
hours  after;  and  the  combs  came  up  about  in  the  fame  pro¬ 
portion.  I  fhall  next  give  the  particulars  of  an  experiment 
I  made  in  warmer  weather  in  the  open  air.  On  the  2d  of 
May  I  let  four  different  lots  of  garden  beans,  with  three  in 
each  lot,  in  the  following  manner  : 

Loti.  I  foaked  in  24  drops  of  oxymuriatic  acid,  diluted 
with  two  large  tea-fpoonfuls  of  water,  for  feveii  hours,  and, 
immediately  before  1  took  them  out,  added  fix  drops  of  acid 
more. 

Lot  2.  T  foaked  in  twelve  drops  of  acid  and  two  fpoonfuls 
of  water  for  the  fame  time,  and,  immediately  before  1  took 
them  out,  added  three  drops  more. 

Lot  3.  I  foaked  for  the  fame  time  in  plain  water. 

Lot  4.  were  not  foaked  at  all. 

Thefe  were  then  all  planted  at  the  fame  depth  in  a  fheltered 
border,  and  lots  1,  2,  and  3,  kept  conftantly  moift  with  oxy¬ 
muriatic  acid  diluted  with  water  in  the  proportion  of  one 
large  tea-fpoonful  to  a  pint. 

On  May  13,  one  of  No.  2  came  up,  and  on  the  morning 
of  the  14th  one  each  of  Nos.  1  and  3,  of  which  No.  1  was 

*  Communicated  by  Mr.  Pepys. 
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forwarded;  and  in  the  courfe  of  the  day  the  others  of  lots 
1,  2,  and  3,  appeared.  On  the  16th  they  all  looked  finely  5 
but  thofe  of  lot  1  were  larged,  and  thofe  of  lot  2  larger  than 
lot  3  :  thofe  of  lot  4,  which  were  kept  watered  with  plain 
water,  did  not  come  up  till  the  18th,  or  perhaps  one  of  them 
on  the  evening  of  the  17th.  On  June  5  they  were  all  nearly 
fully  grown ;  but  thofe  of  No.  I  were  confiderably  dunted, 
and  thole  of  lot  2  fomewhat  fo,  and  neither  of  them  were  fo 
fine  as  thofe  of  lots  3*  and  4. 

In  the  latter  end  of  fpringand  beginning  of  funimer  I  tried 
the  fame  experiments  on  fome  other  plants,  but,  from  not 
being  condantly  at  home,  could  not  make  them  with  fuffi- 
cient  accuracy;  however,  enough  fo  to  determine  that  thofe 
moidened  with  dilute  oxymuriatic  acid  came  up  fird. 

In  the  experiment  on  the  beans,  we  find  that  thofe  foaked 
and  moidened  with  the  dilute  acid  came  up  fome  days  before 
thofe  that  were  only  watered  in  the  common  way,  and  that 
thofe  which  had  the  mod  acid  at  fird  were  the  forwarded, 
and  apparently  mod  flourifhing  plants,  though  afterwards 
they  the  mod  rapidly  declined ;  and  therefore  I  conclude 
(though  more  experiments  are  wanting  on  this  fubject  pofi- 
tively  to  determine),  id,  That  the  diluted  oxymuriatic  acid 
only  in  a  certain  temperature  hath  the  effect  of  promoting 
an  earlier  germination  of  feeds  than  would  otherwife  take 
place  :  and,  2d,  From  the  plants  at  fird  growing  more  rapidly 
than  thofe  watered  in  the  common  way,  bur.  afterwards  de¬ 
clining  fo  as  to  be  furpalfed  by  them,  that  the  oxymuriatic 
acid  polfelTes  no  nutritive  quality,  but  a£ts  merely  as  a  fti- 
niulus,  and  therefore  cannot  be  applied  advantageoully  to  the 
purpofes  of  horticulture.  I  am  very  truly  and  reipedtfully 

Thy  fmcere  Friend, 

L.  W.  Dillwyn. 


XXVII.  Obfervatioris  on  the  Quejlion ,  whether  mixed  Metals 
can  be  dijlingutjhed  by  the  Smell.  By  M.  Ecettiger*. 

w  ERNERf,  Wiedemann,  and  other  chemifts,  place 
fmell  among  the  external  characters  of  foffils.  They  divide 
minerals  into  odorous  and  inodorous,  and  make  the  fird  clafe 
to  confid  of  {’wine’s  done,  fome  other  earthy  bitumens,  and 
fulphureous  and  arfenical  pyrites,  which  when  rubbed  or 

'*  This  paper  firft  appeared  in  the  German  M’rcury ,  publilhed  by  Wie- 
land,  March  1S00 :  it  was  afterwards  mferted  in  the  Magajtn  Encyclo- 
fedique.  No.  io,  an.  10,  from  which  we  have  tranflated  it. 

t  Sur  les  CaraCteres  exterieurs  des  Fofliles,  §  204,  p.  2080.  Lenz. 
tom.  i.  p.  19, 
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ft  ruck  exhale  a  certain  odour.  The  antients  were  acquainted 
with  the  fmell  of  the  femi-metals,  experiments  on  which 
were  made  by  Boyle.  But  I  do  not  find  in  any  of  the  mine- 
ralogical  works  of  the  moderns  that  the  purity  or  alloy  of  the 
noble  metals.,  fuch  as  gold  and  filver,  can  be  afcertained 
merely  from  the  external  character  of  fmell.  Among  the 
antients,  however,  fmell  was  a  principal  character  of  metals. 
The  fined  compolitions  were  diftinguifhed  merely  by  their 
odour.  Arrian  on  Epictetus  *  fays  exprefsly  that  an  expert 
money-changer  (banker)  mult  neceffarily  have  the  fenfe  of 
fmelling  in  an  exquifite  degree.  Behold,”  fays  Epidtetus, 
6£  in  money  affairs,  when  our  intereft  is  concerned,  the  art 
which  has  been  invented,  and  the  means  which  the  changer 
employs  to  try  the  money.  He  tries  them  by  the  fight,  by 
the  touch,  by  the  fmell,  and  even  by  the  hearing  f;  for  he 

throws 

I.  20.  p.  no,  edit,  of  Schweighaufer. 
ft-  And  why  not  by  the  tafie  ?  to  go  through  the  whole  circle  of  the 
organs  of  fenfe.  This  method  was  alfo  known  to  the  antients.  The 
ufe  of  the  touchftone,  tapis  Lydius  (fee  Theocritus,  xii.  36;  and  Plinv, 
xxxiii.  8.  with  obfervadons  by  M.  Schneider,  AnaleEla  ad  Hijloriam  Rei 
Metallic re,  p.  3/),  was,  however,  the  moll  common  method  of  trying  gold, 
which  when  it  had  undergone  this  teft  was  called  obry%um.  Pliny  1  peak’s 
alfo,  in  the  place  above  quoted,  of  trials  by  fufipn,  There  is  a  curioys 
paffage  in  Herodotus,  vii.  10.  refpedting  the  true  meaning  of  which 
rnineralogifts,  in  my  opinion,  have  not  yet  agreed.  Artabanus  faid  to 
Xerxes  before  the  Perfians  affembled,  that  pure  gold  could  be  diftinguifhed 
by  rubbing  it  againft  other  gold.  Weffeiing,  p.  3  12.  30.  confiders  this 
idea  fo  abiurd,  that  inftead  of  to  rub  (TryaTpi-^u^)  he  prefers  reading  to 
compare  (cvyupm Tea).  Larcher,  in  his  tranflation  of  Herodotus,  vol.  v. 
p.  272,  adopts,  in  part,  the  opinion  of  Weffeiing  on  this  paffage  :  he  fays 
the  word  in  the  Greek  text  is  wapetTpiTyusy.  But  it  is  not  by  rubbing  gold 
againft  gold  that  we  can  diftinguiih  which  is  the  beft ;  I  do  not  therefore 
hefitate  to  adopt  the  reading  of  Sancroft’s  manufcript,  etts &v  fo  srepoo  o-vyxpi- 
v«rcu,  which  indicates  the  only  manner  of  afcertaining  pure  gold  before  the 
life  of  the  touchftone  was  known.  I  confefs,  however,  that  Trctoarpt^nefA,^ 
has  always  appeared  to  me  preferable,  becaufe  o-vyx.pm'ta.i  has  the  appear¬ 
ance  of  an  interpolation,  and  may  have  been  fubftituted  by  fome  one  who 
did  not  underhand  the  other  word.  My  opinion  is  confirmed  by  C.  Girod- 
Chantram,  who,  when  confulted  on  this  paffage,  declared  that  it  might  be 
retained,  without  any  change,  becaufe,  pure  gold  being  fofter  than  that  al¬ 
loyed  with  copper,  the  leaft  pure  metal  muft  make  an  irapreffion  on  the 
other,  and  thus  afford  the  means  of  afcertaining  it.  The  proof  of  this 
affertion  was  eftablifhed  at  the  time  when  it  was  propofed  to  the  National 
Convention  to  coin  new  money  in  France  without  any  alHy.  The  advan¬ 
tages  of  this  method  were  found  to  be  counterbalanced  by  forne  inconve¬ 
niences,  one  of  which  was,  that  friction  is  more  deftrudtive  to  pieces  of 
pure  metal  than  to  thofe  the  hardnefs  of  which  is  increafed  by  alloy — Rap¬ 
port  par  Loyf.l,  Sept.  15,  1793.  The  National  Convention  charged  the 
Academy  of  Sciences  to  make  experiments,  which  fully  confirmed  the 
effedl  in  regard  to  continual  fridtion  on  pure  and  alloyed  metals.  “  It 
thence  refuited/’- fay  the  commiflioners  in  their  report,  “  that  the  lofs  ex¬ 
perienced 
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throws  the  money  on  the  ground  and  remarks  the  found.  He 
is  not  even  contented  with  founding  it  once  or  twice,  and  the 
great  attention  he  employs  renders  him  a  mufidan  ”  However, 
as  the  antients  generally  employed  the  pored  gold  for  coining 
money*,  it  appears  that  the  proof  by  duelling  did  not  relate 
to  pure  gold  and  filver,  but  to  the  ignoble  metals  which  might 
have  been  mixed  with  them.  For  all  the  pafiages  of  antieilt 
authors  which  fpeak  of  the  fmell  of  metals  +  allude  to  an  ar¬ 
tificial  compofition  which  could  be  diftinguifhed  by  its  odour. 
It  appears  that  it  was  in  particular  the  compofition  fofoolifhly 
fought  after  by  the  Romans,  to  which,  by  way  of  preference, 
they  gave  the ‘name  of  Corinthian  brafs,  and  which  they 
made  ufe  of  for  drinking-cups  and  their  mod  valuable  table 
fervices.  We  mud  no  doubt  rank  among  this  number  the 
pretended  vafa  Batiaca  which  'Alexander  the  Great  found 
among  the  effedts  of  Darius,  and  which  being  co'mpofed  of 
bronze  brought  from  India  could  not  be  diftinguifhed  from 
gold  but  by  the  fmell  f . 

I  am  acquainted  with  two  other  p adages  which  this  remark 
may  ferve  to  explain.  Martial,  in  the  both  epigram  of  his 
ninth  book,  deicribes  a  fwagneriiia;  fellow,  who  having  a 
great  defire  to  purehale,  but  an  empty  purfe,  baraded  the 
toymen  of  the  Campus  Martins  or  Septum  at  Rome  by  al¬ 
ways  cheapening  and  never  buying.  Hie  poet3  hefides  other 
things,  fays  of  him,  “  He  confults  his  nofe  refpedting  the. 
fmell  of  Corinthian  brafs  §.” 

Cicero,  in  his  Paradoxes,  fpeaks  of  the  connoifiTeurs  of  his 
time  who  purchafed  Corinthian  bronzes  with  incredible  avi¬ 
dity,  and  in  examining. them  employed  all  their  knowledge 
in  the  arts.  He  exhibits  one  of  thefe  haughty  Romans  in 
the  attitude  of  examining  with  great  earneftnefs  a  night- 
chair  of  Corinthian  brafs  ||  ;  for  night-chairs  were  made  of 
the  mod  precious  metals  in  thofe  periods,  when  gold  was 

perienced  iw  p  eces  of  fine  filver  in  circulation  compared  with  that  of  al¬ 
loyed  filver  would  be  nearly  in  the  ratio  of  3  to  2;  and  that. of  pure  gold 
compared  with  alloyed  gold  would  be  as  7  to  3..” —Rapport  de  Loyjel,  p,  19. 

:i-  At  the  commencement  of  the  iyth  century,  Louis  Savot  explained 
exceedingly  well  the  metal Lurgic  part  of  numiftnatics  in  his  Diftozirs  fur 
les  Me  dailies  antiques ,  inferted  in  the  11th  volume  of  Graevius’s  Thefaurus* 
See  Eckel. 

f  DoElrina  hum.  vet-  tom.  i.  p.  zz.  See  Cafaubon  on  Suetonius  in  the 
Life  of  Vefpaiian,  c.  23  ;  Beckman  on  Arjftot.  Mirabil*  aufcult.  c.  J»  p.  99, 
loo;  and  his  Hiftory  of  Inventions,  vol.  ili* 

X  Aritdot.  Mi  rami,  aufeuir.  ct  1-  p.  97. 

§  Confuluit  nares,  an  olerent  aera  Corinthon. 

|j  Parad.  v.  ii.  Si  L.  Mummius  aliquem  iftorum  videret  matelliontm 
Cormthium  cupidiflime  traflantem.' 

You  XL  L  fometimes* 
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fometimes  cheaper  than  filver* * * §,  and  when  Corinthian  brats- 
fold  at  a  higher  price  than  either.  The  wit  of  this  paffage  is 
entirely  loft,  if  we  do  not  fuppofe  that  the  connoifleur  exa¬ 
mined  the  value  of  the  bronze  and  of  the  veffel,  by  holding 
his  nofe  over  it. 

This  circumftance,  on  various  accounts,  deferves  to  be  care¬ 
fully  examined  by  our  metallurgies.  The  ilrft  quedion 
would  be,  to  know  whether  copper,  mixed  with  other  metals, 
can  really  be  diftinguilhed  by  the  fmell.  A  late  French  tra¬ 
veller  afcribes  to  the  inhabitants  of  one  of  .the  Kamtfchatdale 
Hies  fo  acute  a  fmell,  that  they  were  able,  he  fays,  to  diftmguifli 
by  it  immediately  copper  alloyed  with  goldf.  The  fecond 
would  be,  to  know  the  nature  of  this  alloy. 

The  quedion  refpe&ing  the  manner  in  which  the  Corin¬ 
thian  brafs  was  mixed  and  fufed  with  gold  of  {liver,  has  never 
yet  been  finally  determined.  Wiegleb  £,  and  other  chemids, 
made  experiments,  by  fufing  fome  pieces  of  antient  bronze  ; 
but  even  if  they  could  {how  with  precifion  the  manner  ot 
mixing  them,  their  experiments  would  Hill  be  doubtful,  be- 
caufe  the  antients  were  acquainted  with  feveral  bronze  mix¬ 
tures  §  ;  and  eonfequently,  when  they  fufed  antient  bronze, 
they  were  not  certain  of  its  being  Corinthian  brafs. 

Addition  by  the  French  Tranjlator. 

Having  thought  it  of  importance  to  give  particular  intered 
to  this  paper,  by  fubmitting  it  to  fome  celebrated  metailur- 
gift  at  Paris,  I  begged  C.  Gillet  Laumont  to  communicate 
to  me  his  ideas  on  the  quefiion  propofed  by  M.  Bcettigcr : 
u  Whether  copper,  mixed  with  other  metals,  can  be  didin- 
guifhed  by  the  fmell,  and  to  determine  the  nature  of  that 
mixture.”  He  was  fo  obliging  as  to  give  me  the  following 
anfwer : 

“  Several  metals  have  a  fmell  which  is  peculiar  to  them  ; 
that  of  iron ,  lead ,  tin ,  and  in  particular  copper [| ,  may  be  di- 
ftinguiflied  ;  and  there  can  be  no  doubt  that  alloys  compofed 
of  thefe  metals  muft  emit  different  odours.  But  the  fenfe  of 
fmelling  among  mankind  in  a  civilized  date  being  Id’s  perfedt 

*  Plin.\  lb.  xxxiii.  12.  See  Caylus  Re  cue'll  d  /Inti quite sy  voi.  ii,  p.309. 

A  See  Crofet  Nouveau  Voyage  a  la  Mer  du  S  id,  Paris,  1783,  p.  258, 

\  Aita  Academic  Mogunthiae,  1777,  P*  ?°“ 

§  For  example,  oricbakumi  ele£trumy  &cc.  There  ftill  exift  a  great 
m Any  medals  of  eledrum. 

|J  It  is  often  neceffary,  in  order  to  call  forth  their  odour,  to  rub  them, 
bx  at  lead  to  examine  them  af  a  degree  of  heat  equal  to  that  of  the  human 
body.  Care  muft  be  taken,  in  particular,  to  leave  a  fuificient  interval  be¬ 
tween  each  experiment,  that  the  organs  of  knell  may  be  entirely  freed  from 
the.  fen  fat  ions  produced  by  the  preceding. 

an^ 
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*md  lefs  conftant,  there  arc  certainly  many  emanations  which, 
man  cannot  ea  ch,  or  which  would  require  a  particular  ftudy 
which  it  is  fekiom  his  intereft  to  apply  to. 

It  is  poftible,  alfo,  that  fome  perfons,  highly  favoured  by 
nature,  might  acquire,  by  long  habit,  an  exadl  knowledge  of 
the  quantity  of  copper  that  exifts  in  any  alloy ;  but  it  is  cer¬ 
tain  that  thefe  perfons  could  not  communicate  to  others  at  a 
diftance,  or  perhaps  even  prefent,  the  kind  of  ienfations  which 
they  experience,  and  their  different  modifications,  according 
to  the  nature  and  proportion  of  the  mixtures. 

The  means  of  diftinguilhing  alloys,  and  the  proportion  of 
alloys,  by  the  help  of  fmell,  appear  then  to  me  to  form  a  fe- 
Condary  character,  which  ought  not  to  be  neglected,  and 
which,  in  certain  individuals,  may,  by  habit,  be  brought  to 
perfection,  but  which,  as  it  cannot  be  ealily  communicated. 
Can  never  become  an  effential  and  comparative  character. 

It  is  poftible  that,  in  the  time  of  Alexander,  among  the 
means  ealily  put  in  practice,  that  of  fmell  was  the  hire  ft  for 
difiinmiilhincr  the  Indian  vafes  of  bronze  from  tftofe  of  oold. 

DO  O 

In  regard  to  the  paffage  of  Herodotus,  where  it  is  laid 
that  pure  gold  was  diftinguilhed  by  rubbing  it  againft  other 
gold,’7  it  appears  to  me  that  the  word  napw rp^auev  mult  be 
retained,  but  the  word  agninjl  ought  to  be  changed  into  by 
the  fide  of.  The  paffage  then  becomes  clear,  and  only  fup- 
pofes  the  employment  of  a  hard  body  proper  for  retaining 
the  traces  of  thefe  metals.  This  explanation  alludes  to  that 
kind  of  proof  (till  pradtifed  by  our  goklfmiths,  with  plates 
ef  metals  ailoved  in  known  proportions,  which  are  called 
teft  plates;  but  to  be  certain  of  their  allay,  they  make  ufe  of 
a  touch-ftone  ;  that  is  to  fay,  a  common  black  ftone,  not  fuf- 
Ceptible  of  being  attacked  by  the  acids  which  they  pour  upon 
it,  to  afeertain  the  degree  of  alteration  in  the  traces  left  by 
the  alloys.  , 


XXV  ITT.  Some  Qbj'ervations  on  the  Agitations  of  the  Lake  of 
Derwent  IVater ,  and  its  floating  IJIands.  By  a  Carre - 
fpondent. 

To  the  Editor  of  the  Philofophical  Magazine. 


PKefwick,  October  7,  tflor. 

ASS  IN  G  through  this  place  with  little  time  to  fpare 
from  purfuits  not  philofophical,  I  can  only  obtain  imperfect 
information  about  fome  curious  phenomena  hitherto  but  little 
noticed;  by  feme  as  little  regarded  as  tales  of  enchantment, 

Jk  4  and 
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and  as  little  underftood  bv  others  as  the  moving;  of  the  waters 
of  the  pool  of  Bethefda, — I  mean  the  agitation  of  the  lake  of 
Derwent  water,  and  its  floating  iflands.  Pennant  fays,  the 
water  of  Derwent  water  is  fubjeet  to  violent  agitations,  and 
often  without  any  apparent  caufe,  as  was  the  cafe  this  day 
the  weather  was  calm,  yet  the  waves  ran  a  great  height,  and 
the  boat  was  toiled  violently  wdth  what  the  people  in  the  neigh¬ 
bourhood  called  a  bottom  wind .  Dalton  Pays,  Darwent  lake 
is  agitated  at  certain  times  during  a  calm  feafon,  by  fome  un¬ 
known  caufe.  Mr.  Crofsthwaite  has  been  affiduous  in  ob- 
ferving  any  cireumftance  that  might  lead  to  a  difcovery  of 
the  caufe  5  but  his  refult  is,  that  nothing  has  occurred  yet  to. 
throw  light  on  the  fubjedL  He  then  gives  various  dates 
when  the  lake  was  difturbed  j  amongft  the  reft  he  fays, 

Aug.  9,  1789.  The  lake  in  very  great  agitation,  white 

breakers  upon  large  waves,  6rc.  without, 
wind. 

Oft.  1792.  The  water  much  agitated. 

Mv  informant,  a  boatman  of  the  name  of  Walker,  fays  he. 
has  frequented  the  lake  for  about  27  years,  and  heard  of  per¬ 
haps  13  iflands,  though  previous  to  that  time  for  20  yeartf 
none  had  appeared.  One  role  laft  year,  and  two  this  war, 
which  came  up  within  two  days  of  each  other.  The  firft, 
rofe  the  nth  of  September,  and  part  funk  the  27th  of  the 
fame  month.  Sometimes  one  comes  up  and  is  down  again  in 
24  hours,  and  fometimes  they  flay  two  months.  One  of 
them  in  the  year  1798  was  180  yards  long,  50  yards  wide, 
and  ftaid  at  the  top  of  the  water  fix 'weeks.  One  was  pierced, 
and  found  feven  yards  thick.  They  frequently  burft,  and  are 
rent  fo  wide,  that  boats  can  fail  up  and  land  pafifengers  at  the 
edges  of  them,  to  walk  about  on  the  ill  and.  One  was  a  foot 
high  perpendicular  of  land  above  the  level  of  the  water. 
They  are  connected  always  by  one  fide  to  the  grafly  turf  at  the 
edges  of  the  lake.  When,  within  a  few  days  after  their  firft 
appearance,  a  pole  is  run  three  to  fix  feet  into  them,  and 
drawn  out  again,  the  air  for  feveral  feconds  bubbles  up  like 
a  pot  boiling  violently  ;  a  knell  arife-s  like  gunpowder,  and  it 
has  been  faid  that  with. a  candle  you  might  light  a  bottle-full 
that  was  once  collected.  I  was  this  day  rowed  to  one,  a  part  of 
which  continued  above  the  water,  which  gradually  deepened 
all  round  it,  and  found  it  of  an  oval  fhape,  about  ic  yards  by 
five  yards.  The  top  was  a  fine  firm  mud,  thick  fet  with  a 
young  aquatic  plant  I  did  not  know.  We  puflied  the  boat¬ 
hook  about  four  feet  into  it.  The  firfi:  part,  about  two  feet, 
appeared  all  mud,  then  lefs  firm,  and  full  of  partially-decayed 
leaves  and  roots  of  trees  and  plants;  the  water  bubbled  up  for. 

a  few 


and  its  floating  Ifands.  i  5j 

a  few  feconds  about  two  inches  high,  occafioned  by  the  air 
that  followed  the  hook  out. 

T  he  rifing  of  thefe  iflands  is  always  accompanied  with  a 
bottom  wind;  yet  the.  bottom. wind  appears  frequently,  with¬ 
out  them;  and  generally  after  a  month  or  fix  weeks  of  dry 
weather  the  lake  is  fometi tries,  partially,  fometimes  wholly 
agitated,  accompanied  by  a  roaring  noife  (the  probable  ef¬ 
fects  of  echo  in  a  calm  in  that  fituation).  The  waves  are  not 
long  and  rolling,  but  irregular  fhaped  like  mountains,  20 
inches  to  two  feet  in  height,  like  water  jumbled  in  a  tub  ; 

♦  O  J  J  * 

they  frequently  drike  the  boat  like  a  rock,  and  break  in  fpray 
from  head  to  fiern,  not  always  when  it  is  perfectly  calm,  but 
alfo  with  a  gentle  breeze,  barely  enough  to  ripple  the  fur  face. 
They  frequently  indicate  a  change  of  weather  from  fair  to 
rain,  and  the  greateft  degree  of  agitation  is  always  in  the 
deeped  water. 

Having  thus  minutely  deferibed  all  the  particulars  I  have 
time  to  collect,  1  fhall  leave  it  to  others  to  find  a  better  ex¬ 
planation  than  the  following.  When  we  confider  that  half 
the  bottom  of  the  lake  is  covered  with  a  fine  mud  impervious 
to  air,  reding  upon  half-putrid  vegetable  matter;  that  being 
attached  to  the  doping  banks,  all  air  that  is  generated  will 
endeavour  to  rife  to  the  highed  part,  but  cannotfthen  get  out ; 
that  great  part  of  the  bottom  is  a  clean  bed  of  pebbles  and 
bones  pervious  to  air;  that  the  idands  begin  to  rife  generally 
in  from  9  to  12  feet  water,  and  are  of  confiderable  furface; 
that  they  have  been  meafured  21  feet  thick,  with  clear  water 
under  them ;  and  that  the  mod  violent  effeCls  have  been  in 
the  fummer  months — Is  it  not  probable  that  the  air  fet  at 
liberty  by  putrefaction  is  enough  to  raife  thefe  large  maffes, 
fo  thick,  and  fo  little  heavier  than  water  itfelf;  to  contract 
and  expand  their  extremities  enough  to  give  the  violent  and 
irregular  motion  to  the  fuperincumbent  waters,  by  their 
flowing  off,  their  reflux,  and  their  breaking  through— and  that, 
more  or  lefs,  whether  they  rife  to  the  fin  face,  or  only  part  of 
the  way,  to  find  their  equilibrium  in  the  furrounding  fluid  ? 
Wifhing  our  ignorance  of  the  caufe  of  this  curiofity  of  our 
own  country  may  foon  be  removed,  and  wifhing  fuccefs  to 
every  inveftigafion  of  the  phenomena  of  nature,  I  will  con¬ 
clude  with  the  fignature  of 
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XXIX.  T) e fcri.pt 'ion  of  a  new  IVater  Engine,  Invented  by 
Dr.  West,  of  the  Jff.nd  of  Jamaica  *. 

rn 

X  HE  fcrew-pipcs  a  and  b  (fee  Plate  V.  fig.  i.)  turn  In 
different  directions,  and  the  area  of  the  lower  muft  be  to 
that  of  the  upper  in  the  inverfe  ratio  of  the  perpendicular 
heights,  and  as  much  more  as  will  be  neceflary  to  overcome 
the  friction.  The  pipe  b  ought  to  widen  a  little  from  below 
upwards,  in  order  to  accommodate  itfelf  to  the  falling  water. 

j Working  of  the  Engine. 

The  valve  of  the  pipe  a  at  its  upper  orifice  c  being  opened., 
(while  the  cup  or  baton  f  is  fupplied  by  any  dream  of  water, 
a  part  of  which  is  wifhed  to  be  raifed  to  a  higher  elevation,) 
the  pipe  a  muft  be  filled  with  water.  It  will  continue  full, 
though  its  lower  orifice  be.  open,  if  the  valve  fit  dole;  and, 
water  continuing  to  be  poured  into  the  cup^/from  the  pipe  d., 
if  a  motion  on  the  axis  be  then  communicated  to  the  pipes 
in  a  direction  oppofite  to  that  of  the  fteam  iffuing  at  e,  the 
whole  will  continue  to  move  round  fo  long  as  water  is  fupplied 
by  the  pipe  d,  and  part  of  the  water  will  afcend  in  ay  and  be 
delivered  into  the  upper  circular  gutter  g,  g. 


XXX.  Defer  ip  tion  of  a.  new  Hygrometer . 

sir.  To  Mr..  Tilloch. 

I  HEREWITH  enclofe  a  fcheme  for  an  hygrometer,  which 
appears  to  me  to  be  an  improvement  on  the  common  (oat- 
beard)  hygrometer  in  fome  refpeCts,  though,  being  more 
complex,  it  is  more  likely  to  he  out  of  order.  I  have  madefe- 
veral  of  them,  and  find  they  ad  tolerably  well.  Should  you 
think  the  invention  worth  noticing  in  your  publication,  you 
are  welcome  to  make  what  ufeof  the  paper  you  think  proper. 
Two  other  kinds  of  hydrometers  I  have  alfo  made,  but  they 
do  not  anfwer  fo  well  as  I  think,  with  fome  improvement, 
they  might  be  made  to  do.  In  one  the  index  moves  under  the 
fpirals  of  a  watch  fpring,  by  which  the.  number  of  revolution? 
rnav  he  reckoned  ;  on  account  of  the  ffiffnefs  of  the  fted,  the 
index  does  not  move  with  freedom.  In  the  other  the  index 
moves  between  the  coils  of  a  piece  of  paper  cut  in  a  fpirat 
form,  on  which  paper  are  figures  marked  to  register  the  place 

*  Communicated  by  Mr.  Robertfon  Buchannan,  engineer,  Glafgow. 

it 


Defcription  of  a  new  Hygrometer .  1 6j 

it  points  to.  Both  thefe  inventions  are  for  the  fame  purpofe 
as  the  winding  hygrometer,  which  is  to  avoid  the  confufion 
occafioned  by  the  oat-beard  having  more  than  one  turn  or 
twill  in  its  courfe  from  wet  to  dry.  I  remain,  Sir, 

Your  very  humble  Servant, 

B.  M. Forster. 

'Defcription  of  the  Winding  Oat-heard  Hygrometer . 

The  principal  differences  in  this  hygrometer  from  thofe 
ufually  made  of  oat-beards  are  the  following: 

The  graduated  circle  (Plate  V.  fig.  2.)  is  numbered  com¬ 
pletely  round ,  inftead  of  half  round  each  way,  as  ufual.  On 
the  top  of  the  oat-beard  *  is  cemented  a  circular  piece  of  pa¬ 
per  A,  on  which  is  fixed  a  tubular  piece  of  draw  B,  which  is 
capped  with  another  piece  of  paper  C.  D  is  a  fupport  to 
keep  the  beard  upright,  made  of  card  paper.  On  the  ftraw 
tube,  or  little  cylinder,  is  fattened  a  piece  of  fine  filken  firing, 
on  which  is  hung  a  pea,  to  ferve  as  a  weight  to  keep  the 
firing  firetched.  As  the  oat-beard  untwifts  with  moifture, 
the  index  (made  of  ftraw)  moves  the  fame  way  round  as 
the  hand  of  a  watch,  and,  thus  moving,  coils  the  firing  round 
the  ftraw  tube  or  axis;  by  which  means  the  number  of  revo¬ 
lutions  from  any  time  oblerved  may  be  known ;  and  thus  the 
confulion  will  be  avoided  which  is  occafioned  by  the  index 
moving  more  than  once  round,  which  it  does  in  patting  from 
extreme  drynefs  to  wet. 

The  firing  may  be  fo  placed  as  to  wind  up  when  the  index 
moves  the  contrary  way,  that  is,  from  moift  to  dry,  if  the 
maker  fo  choofes ;  and  in  this  cafe,  the  circle  mufl  be  num¬ 
bered  the  contrary  way  from  the  above. 

The  oat-beard  is  fixed ,  and  the  index  is  not  to  be  turned 
or  fet  to  a  certain  point,  as  is  the  cafe  with  the  common  hy¬ 
grometer,  by  a  contrivance  behind  the  cafe. 

The  method  of  keeping  a  regifter  of  this  hygrometer  will 
be  thus : 

When  on  the  upper  part  of  the  axis  there  is 

One  coil,  and  the  index  points  at  6,  fet  down  i — 6 

Two  coils  -  -  6  -  2 — 6,  Sec. 

If  the  circle  be  divided  into  too  divifions,  the  reckoning  will 
he,  No  coil,  and  the  hand  at  10,  fet  down  to 

1  coil  -  -  10  -  no 

2  coils  10  -  210,  &c. 

which,  if  the  circle  be  large  enough,  will  be  a  very  conve¬ 
nient  mode  of  regiftering. 

*  The  beard  of  the  a-vena  Jlerilh  (of  Linnaeus ),  which,  on  account  of 
its  Uze,  is  preferable  to  the  beard  of  the  common  oat. 

L  4  XXXI.  mjlo* 


[  io8  ] 


XXXI.  Hijlorical  Sketch  of  the  Inflitutim  and  Progrcfs  of  the 

71  '  Society  of  London. 


[Continued  from  p.  3  S . ] 

MVEN  within  a  few  years  after  its  in  dilution,  the  Society 


had  acquired  a  confiderable  library,  and  a  good  collection  of 
natural  curiofities.  A  Mr.  Colwal  was,  in  thefe  things,  one 
of  its  fir  ft  and  moft  munificent  benefactors.  Mr.  Hooke,  the 
firit  curator  of  the  Society,  had  the  care  of  the  bonks  and  cu¬ 
riofities;  and  they  were  arranged  according  to  a  clarification 
of  ail  the  fpecies  in  nature,  contrived  by  the  famous  Dr  .Wil¬ 
kins.  Mr.  Henry  Howard  bellowed  on  the  Society  the 
whole  Arundclian  library,  con  lifting  of  feme  thousands  of 
printed  books,  with  ieveral  hundreds  of  choice  mauuicripts. 
From  the  time,  aim,  of  the  great  fire,  after  which  the  build¬ 
ings  of  Grefbam- college  were  again  occupied  as  an  exchange, 
Mr.  Howard  aflorded  the  Society  a  place  of  temporary  ac¬ 
commodation  in  Arundel  houfe. 

Among  the  communications  to  this  Society,  within  the  fir  ft 
(even  years  after  its  incorporation  bv  charter,  were  many  cu¬ 
rious  theoretic:;!  dilcourfes..  Such  were  an  hypothecs  of  the 
motions  of  the  moon,  and  of  the  fea;  a  theory  of  fire  and 
flame;  an  hypotheiis  of  the  form  and  i pang  of  the  air ;  a 
clifcourfe  of  the  poffible  height  of  the  air,  and  its  rarc.fa&ion 
upward  ;  a  difeourfe  about  improving  wood  for  dvema,  and 
for  fixing  colours;  diicou rles  upon  leveral  mercurial  experi¬ 
ments  ;  a  difeourfe  of  annealing  and  tempering  fteel ;  dif- 
courfes  about  cyder  and  coflee ;  a  difeourfe  of  the  poflibihty 
of  the  retardation  of  the  motions  of  the  heaver* K  bodies,  and 
of  their  going  (lower  and  flower  the  longer  they  lad;— with 
a  multitude  or  others,  which  it  were  inconvenient  and  tedious 
here  to  enumerate  in  detail. 

As  their  views  were  me  n?  exprefsly  and  di refill v  than  thofe 
of  their  prefent  fucceffcrs  m  the  Royal  Society  to  the  improve¬ 
ment  of  the  arts,  they  quickly  formed  accurate  hiflories  of 
many  of  the  mod  ufeful  of  thefe,  Among  their  papers,  with¬ 
in  the  firft  feven  years  after  the  Society’s  inftitndon,  were  to 
be  found,  an  hiftory  of  Euglifti  mines  and  ores,  two  ieparate 
hi  dories  of  tinneries  and  tin-working,  hiftories  of  iron- 
making,  of  lignum  fofiile,  of  fafifron,  of  alkermes,  ofverdi- 
greafe,  of  the  bleaching  of  wax,  of  colours,  of  the  making 
of  alum,  of  the  preparation  of  fait  from  fait  water,  of  ena¬ 
melling,  of  engraving,  of  varnifhing,  of  dyeing,  of  refining 
gold,  oi  making  potafhes,  $cc.  The  precedes  of  making 

bread* 
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bread,  of  making  cloth,  of  tanning  with  the  other  parts  of 
the  manufacture  of  leather,  of  paper-making,  of  hat-making* 
of  brewing,  were  accurately  related  according  to  the  heft 
praClice  of  them  at  that  time,  in  .different  memoirs  by  the 
firlt  members  and  correfpondents  of  the  Society.  Prince  Ru¬ 
pert  communicated  two  papers  of  extraordinary  value,  ex¬ 
plaining  the  procefs  for  the  manufacture  of  gunpowder,  and 
an  improvement  qf  that  procefs,  by  which  gunpowder  might 
be  made  which  fliould  have  twenty  times  the  flrength  of 
that  which  was  commonly  in  ufe.  Mr.  Henfhaw  produced 
to  the  Society  an  ingenious  hiftory  of  the  difeovery  and  the 
manufacture  of  falt-petre.  Many  papers  illutlrative  of  the 
hiftory  of  the  uleful  arts  were  communicated  by  Sir  William 
Petty,  one  of  the  mo  ft  truly  honourable  founders  to  whom 
any  family  among  our  Britith  nobility  can  trace  the  origin  of 
its  wealth  and  nooilitating  diftinfitions. 

But  none  of  all  thofe  original  members  did  more  than  Dr. 
(afterwards  Sir)  Chriftopher  Wren  to  advance  the  purpofes 
of  the  Inftitution.  He  propofed  certain  curious  theories  of 
motions,  extending  and  correcting  the  doctrine  of  Des  Cartes, 
which,  however  they  may  have  been  fince  exploded,  were 
imagined  with  great  ingenuity,  and  ill  nitrated  by  a  multitude 
of  .happy  experiments.  Pie  contrived  to  annex  to  a  weather¬ 
cock  an  apparatus,  which,  of  itfeif,  regiftered  for  every  twelve 
hours  the  changes  of  the  wind  j  and  invented  alfo  a  thermo¬ 
meter,  to  regilter  for  itfeif  the  variations  in  the  temperature  to 
which  it  ih ou Id, be  expofed.  He  was  the  inventor  of  an  in- 
flrument  for  meafuring  the  quantity  of  the  rain  that  falls. 
He  was  the  firft  who  explained,  that  from  the  pendulum 
might  be  produced  a  natural  ftandard  of  meafure  for  vulgar 
ufe.  Pie  firft  exactly  inea  lured  and  delineated  the  fpheres  of 
the  humours  in  the  eye  ;  and  thence  explained  how  reflection 
conduces  as  much  as  refraction  to  vifion.  He  was  the  firft 
author  of  the  noble  anatomical  experiment  of  iojedting  honors 
into  the  veins  of  animals.  Pie  made  a  variety  of  experiments 
to  afeertain  the  powers  of  the  magnet ;  and  many  to  explain 
the  nature  of  the  powers  by  which  failing  is  performed,  and 
to  fix  what  fabric  of  a  {hip  might  be  mod  fui table  to  the  ides 
for  which  it  is  intended.  He  made  many  improvements  upon 
telefcopes,  and  a  prodigious  number  of  afironomical  obferva- 
tions,  particularly  on  the  planet  Saturn,  and  on  the  moon. 

He  invented  a  curious  and  very  fpeedy  method  of  etching. 
He  fuggefted  a  number  of  contrivances  for  the  improvement 
of  water-works.  He  found  out  certain  perpetual  lamps  and 
regifters  of  furnaces,  by  which  artificial  heat  might  be  fo 
kept  up  and  graduated  as  to  imitate  nature  in  the  hatching  of 

chickens 
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chickens  and  infeeds,  the  vegetation  of  plants,  the  produ&ion 
of  certain  f'offils,  and  the  prefervation  of  an  equality  in  the 
motions  of  watches,  in  order  to  the  difeovery  of  the  longitude/ 
See.  All  theie  things  he  aecomplifhed  in  a  diligent  purfuit 
of  the  objects  of  the  Society  :  and  as  his  difeoveries  were 
made,  he  communicated  them,  but  with  the  greateft  diftB 
deuce  and  modefty,  at  its  meetings. 

And  yet,  even  this  variety,  activity,  and  fuccefs  in  its  re- 
fearches,  could  not  iatisfy  the  tyrannical  impatience  of  pub¬ 
lic  expectation.  The  cavillers  againfl  the  Society  derided  its 
members  as  idle  dreamers,  or  interefted  impoftors,  who  ex¬ 
cited  hopes  which  they  could  not  gratify,  and  wafted  their 
own  lives  and  fortunes  in  purfuits  having  no  rational  attain¬ 
able  end.  Others  conceived  prejudices  ftill  ftronger  againfl 
thefe  ftodies ;  aeeuftng  them  as  atbeiftical,  and  adverfe  to  the 
ftudy  of  purely  moral  and  intelledlual  truih  ;  becaufe  they 
traced  to  fecond  eaufes  phaenomena,  which  had  been  ufually 
referred  to  the  immediate  agency  of  the  Divine  Power;  and 
withdrew  attention  from  the  logic,  ethics,  and  theology, 
which  had  hitherto  reigned  in  the  fchools.  By  others  they 
were  abhorred  as  incapable  of  alliance  with  elegance  and 
grace,  with  the  charms  of  poetry  and  eloquence,  with  the  re¬ 
finement  of  the  language,  or  the  improvement  of  the  popular 
parts  of  literary  compofition.  To  many  that  tolerance  was 
extremely  odious  with  which  they  received  all  men  of  in¬ 
genious  inquiry  into  their  correfpondence,  without  diftindlion 
of  nation  or  religion  ;  and  the  admirers  of  the  ages  of  claffical 
antiquity  derided,  with  the  proudeft  contempt,  the  very  idea 
upon  which  the  [nftitution  was  founded, — that  it  was  poflible 
to  extend  the  empire  of  human  knowledge  beyond  thofe  limits 
within  which  the  anfients  had  left  it  confined. 

The  Society,  not  unmoved  by  fueh  cenfures  and  com¬ 
plaints,  vet  not  diverted  by  them  from  the  profecution  of  its 
views,  advanced,  though  (lowly,  yet  with  fteadyand  vigorous 
diligence,  in  its  experiments  and  inquiries.  Dr.  Spratt’s  apo- 
logetieal  hiftory  contributed  to  filence  many  prejudices.  The 
imitation  of  the  defign  of  this  Society,  by  fo  many  fimilar  in- 
ftitutions  anting  after  it  m  foreign  countries,  evinced  the  ge¬ 
neral  conviction  of  mankind  to  he  in  its  favour.  Its  memoirs 
and  t  ran  factions  were,  frojn  time  to  time,  printed  ;  and, 
among  difeoveries  and  inquiries  which  could  intereft  none 
but  philoiophers,  failed  not  to  contain,  likewife,  others  of 
general  utility  and  importance  fo  linking  and  palpable,  that 
even  the  attention  and  approbation  of  the  vulgar  could  not  be 
pcfnfcd . 

In  pure  mathematics,  the  fucceffive  publications  of  the 
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Society,  to  the  end  of  the  feventeenth  century,  exhibited  a 
variety  of  inventions  exalting  the  power  of  that  fcience,  and 
furni  thing  it  with  new  arms  to  triumph  over  difficulties  of 
inveftigation  to  which  it  was  before  unequal.  The  difcoveries 
of  Newton  had  been  prompted  by  that  fpiritof  mathematical 
and  phyfical  refearch  which  the  inftitution  of  the  Society  ex¬ 
cited.  Their  communication  did  honour  to  the  meeting's  of 
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the  philofophers,  and  enriched  their  volumes.  Wallis,  Gre¬ 
gory,  De  Moivre,  and  Hailey  loon  communicated  a  number 
of  valuable  problems,  theorems,  and  new  demonftrations, 
important  both  in  the  new  difplay  of  beautiful,  and  in  their 
fufeep  Ability  of  application  to  the  improvement  of  the  mathe¬ 
matical  arts.  In  mixed  mathematics  the  optical  difcoveries 
of  Newton,  Hevelius,  aud  Huygens  were,  in  great  part, 
made  firft  known  to  the  world  through  the  medium  of  the 
Royal  Society.  Leeuwenhoek  and  the  illuftrious  Dr.  Robert 
Hooke  publifhed  molt  of  their  microfcopical  difcoveries,  in 
the  firft  inftance,  through  the  fame  channel.  A  multitude 
of  the  moft  important  obfervations  in  aftronomy,  the  com¬ 
munications  chiefly  of  FI  am  deed,  Hevelius,  Caflini,  Halley, 
Gregory,  Bullialdus,  Auzout,  fill  the  early  volumes  of  thefe 
Tranfafitions.  Bernoulli,  Huygens,  Hooke,  and  Wallis  com¬ 
municated  fome  highly  curious  papers  in  mechanics  and 
acOuftics.  Mr.  Boyle,  M.  Homberg,  Dr.  Papin,  Dr.  Rei- 
felius,  and  an  inferior  philofophical  fociety  at  Oxford,  com¬ 
municated  various  experiments  on  the  gravities  of  different 
fluids,  their  fuperficial  figures,  and  their  laws  of  movement. 
Mr.  Thomas  Savery,  in  the  year  1699,  made  known  to  them 
an  engine  of  his  invention  for  railing  water  bv  fleam. 

Flamfteed,  Borelli,  Halley,  Mercator,  Cafifini,  Bullialdus, 
and  Greaves,  gave,  for  the  improvement  of  geography  and 
navigation,  many  obfervations  of  the  longitudes  and  latitudes 
of  different  places,  of  the  variations  of  the  compafs,  £cc.  &c. 

In  architecture  and  fhip-building,  their  Tranfadlions  ex¬ 
hibit  the  valuable  papers  of  Leeuwenhoek  6(  on  the  differenced 
in  timber  as  it  grows  in  different  countries,  and  is  felled  in 
different  feafons;”  of  Mr.  Bulteel  ccon  the  (heathing  of  fhips 
with  lead of  Dr.  Lifter,  Dr.  T.  Robinfon,  and  Dr.  Wallis, 
6(  on  bridges,  arches,  and  chimneys,  See.”  Wallis  andSal- 
yetti  communicated  fome  interefting  papers  on  the  theory  of 
mufic.  Dr.  Sherard  gave  a  receipt  for  making  china  varnifhes. 

In  phyfiology,  meteorology  and  pneumatics,  the  refearches 
of  this  Society  in  the  lalt  thirty  years  of  the  feven teeth 
century  were  no  lefs  diligent  and  meritorious.  The  baro¬ 
meter,  the  hygrometer,  the  thermometer,  were  firft  put  to 
important  ufe  in  philofophical  obiervation  by  its  members. 
6  The 
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The  general  phenomena  of  the  weather  in  different  Jealous 
and  latitudes  were  by  them  firft  recorded  with  philofophiea! 
accuracy.  Of  the  winds,  rains,  fnow,  hail,  ’ightning,  thunder, 
meteors,  exhalations,  their  papers  exhibit  an  affemblage  ot 
i acts,  to  which  much  has  indeed  been  fnce  added,  but  which 
Hill  form  a  large  and  important  part  of  our  prefent  fcience  of 
atmofpherical  ph  sen  omen  a.  They  collected  a  prodigious 
variety  of  obfervations  to  illuflrate  the  phy ideal  hiftory  of 
water,  as  it  exifled  in  leas,  lakes,  fpring-s,  mineral  and  lalt- 
fpiings,  Sec.  ;  and  to  explain  the  manufacture  of  fait  from  fea 
water  or  from  that  of  lait-fprmp's. 

In  thofe  early  volumes  are  a  very  great  number  of  papers 
in  mineralogy :  the  faCis  which  they  contain  laid  the  foun¬ 
dation  of  this  fcience.  The  hiftory,  in  particular,  of  animal 
fubftances,  and  of  vegetables  found  in  a  foffil  Hate  ;  of  fome 
volcanic  eruptions  ;  of  marble  found  in  1  reland  of  the  forma¬ 
tion  of  peat  earth  in  Scotland  :  of  the  ftrata  cf  pit-coal ;  of 
rock  cryflal,  iron,  and  copper-ore  rof  amber;  of  the  electrical 
mber,  gum  lac,  and  diamonds  ;  was  ill  ultra  ted 
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in  a  number  of  curious  papers,  the  produce  of  much  laborious, 
inquiry,  and  of  many  obfervations  made  with  the  greateft 
diligence.  Mr.  Gil*!,  Sir  Robert  Moray,  Dr.  Brown,  and 
others,  communicated  interdling  papers  on  damps  in  mines. 
Dr,  Lifter  gave  fome  mineral  maps,  and  an  account  of  the 
true  way  of  making  Heel,  A  catalogue  of  electrical  bodies 
was  received  from  Dr.  Robert  Plot:  Mr.  D.  Cohval  favoured 
the  Society  with  accounts  ot  alum  works  and  green  copperas 
works.  The  lead  mines  in  SomerfetTnire,  the  quicldiiver 
mines  in  Friuli,  the  fiver  and  gold  mines  in  Hungary,  were 
made  particularly  known  to  the  Society  by  communications 
from  Mr.  Gianviiie,  Dr.  \V .  Pope,  and  Dr.  E.  Brown.  A 
curious  paper  from  Mr.  M.  Septahns  acquainted  them  with 
the  exigence  of’  mercury  in  certain  plants.  The  collection  of 
their  papers  prefent s,  betide  thole,  a  prodigious  variety  of 
other  information  relative  toTubjeCts  in  the  mineral  kingdom. 

The  po  wer  of  the  magnet ;  the  ufe  of  the  magnetic  needle  ; 
the  declination  of  the  needle,  its  variations  in  different  places, 
with  the  theory  of  thofe  variations,  engaged  much  of  the 
Society's  attention,  and  were  very  ably  illuftrated  by  the  papers 
ofDr.  Halley,  Mr.  Hevelius,  Mr.  Auzout,  Mr.  Cunningham, 
and  others. 

To  the  improvement  of  the  fcience  of  botany,  and  the 
praCtice  of  ao-riculture,  they  continued  to  devote  much  of  their 
care.  Rye,  turnips,  potatoes,  maize,  faffron,  orange-trees, 
vines,  are  among  the  plants  whofe  culture  and  ceconomicai 
ufes  were  facce  Is  fully  explained  in  the  papers  read  before 
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tins  Society  during  the  laft  century.  The  nature  of  vegeta¬ 
tion,  tiie  circulation  and  defcent  of  the  fap  in  trees,  the  re¬ 
union  of  hark  to  trees  from  which  it  had  been  fepa  rated,  Sec. 
were  finely  explained  by  Dr.  Beale,  Dr.  Litter,  Mr.  Heed, 
M.  Malphigi,  Mr.  Hay,  See.  The  ufe  of  marie,  of  fea-  land,- 
of  fait  and  of  brine  for  manures,  are  taught  in,  others  of  thole 
papers.  Mr.  King  communicated  a  method  of  improving  the 
bogs  and  loughs  in  Ireland  by  drainage.  Dr.  Beale  ex¬ 
plained  the  fertilizing  powers  of  frolt.  The  preparation  of, 
oak  for  tanning,  of  fugar  from  the  maple-tree,  of  vinegar,  of 
pitch,  tar,  .refin,  and  turpentine,  arc  the  fab]  efts  of  tome  other 
ingenious  papers  of  the  fame  period.  Dr.  Lifter  iuveftigated 
with  curious  pains  t  he  botanical  hiftory  of  the  mulhroom. 
Hemlock,  opium,  fnake-root,  aloe  americana,  the  aniomum, 
of  the  Philippine  iftes,  and  many  other  plants  adapted  to  be 
of  ufe  in  the  materia  medica,  were  examined  in  their  growth 
and  qualities,  under  the  Society’s  directions.  Dr.  Lifter  proved 
the  pofii bility  of  fertilizing  a  Tandy  foil  by  the  addition  of 
clay.  Sir  Robert  Moray  gave  a  valuable  paper  on  the  procefs- 
of  malting.  Dr.  Beale  and  Mr.  Dale  taught  how  to  make 
bread  from  turnips  and  potatoes. 

In  zoology,  the  papers  of  this  period  are  likewife  nume¬ 
rous,  and  illuftraflve  of  many  of  the  mo  ft  interefting  fpecies 
in  the  animal  kingdom.  The  hiftpries  of  the  ft  Ik  worm, 
the  whale,  the  cochineal  infect,  the  pearl- in  ufcle,  the  bee, 
were,  on  account  of  the*  relations  of  thefe  animals  to  the 
ufeful  arts,  examined  with  extraordinary  care.  Many  ac¬ 
counts  of  monftrous  births  and  figures  of  animals  were 
from  different  parts  tranfmitted  for  the  Society’s  confideration. 
Waller’s  poem  u  on  the  Summer  I {lands”  appears  to  have, 
had  for  its  foundation  a  narrative  concerning  whales  and 
whale-fi filing  at  the  Bermudas,  which  was  communicated  to 
the  public  in  the  Tranfadions  of  the  Royal  Society.  Mr. 
Ray,  examining  into  the  nature  of  ants,  difcoveiyd  and  made 
known  to  the.  Society  that  which  has  been  ft  nee  named  the 
formic  acid.  Others,  with  much  curious  pains,  iljuftrated 
the  hiftory  of  the  fpicler.  Dr.  Lifter  found  an  acid  juice  in 
another  in  fed  befide  the  ant.  Mr.  Boyle  and  others  exa-* 
mined  and  explained  the  anatomical  (xrudure  of  fifties.  In 
regard  to  the  human  body  el'peeially  were  thefe  philofophers 
wonderfully  induttrious  in  refearch.  The  natural  accidents* 
to  which  it  is  fubjed,  and  its  anatomical  ftrudure,  were, 
never  before  to  well  i  11  ultra tecl  as  by  the  facts  which  they 
colleded.  Concerning  the  !t mature,  external  parts,  and 
common  teguments  of  human  bodies;  the  head ;  the  neck 
and  thorax ;  the  abdpmen ;  the  Rumours  and  general  affec¬ 
tions- 


i?4  ttyioricat  Sketch  of  the  Injlilutlort 

tions  of  the  bodv ;  its  bones,  joints ;  their  TranfaCHons  pre¬ 
terit  an  affemblage  of  faCts  inch  as  mutt,  in  companion,  put 
to  ffiame  the  induftry  of  later  an  a  tom  i  ft  s. 

in  chemiftry,  they  invefti gated  the  nature  and  compofitiott 
of  phofphorus,  of  the  Bologna  ftone  of  vegetable  and  mi¬ 
neral  acids,  & c.  An  engine  to  confurne  frrioke  was  made 
known  to  them  by  M.  Juftel.  A  method  of  imitating  the 
pottery  of  China  appears  alfo  among  their  papers.  Sir  Ro¬ 
bert  Southwell  communicated  an  account  of  the  method  of 
drefling  buck  and  doe -{kins,  which  was  praCtifed  by  the 
Caribbees  in  the  Weft  Indies.  The  phofphorefcent  qualities 
of  wood,  putrid  flefh,  the  furface  of  the  lea,  &c.  were  par¬ 
ticularly  examined  in  papers  communicated  by  Mr.  Boyle 
and  Dr.  Beale. 

Nor  were  their  endeavours  confined  to  the  improvement 
merely  of  phyfical  and  mathematical  feience.  Mr.  Lodwick 
gave  an  eftay  towards  an  univerfal  alphabet.  Dr.  Wallis  in¬ 
vented  a  method  of  teaching  perfons  deaf  and  dumb  to  fpeak 
and  underftand  language.  Mr.  Edward  Lloyd  communi¬ 
cated  fome  valuable  obfervations  in  philological  fcience. 
Another  gentleman  gave  a  paper  of  highly  curious  obferva¬ 
tions  and  conjectures  concerning  the  Chinefe  characters. 
The  collection  of  their  papers  affords  likewlfe  Tome  valuable 
illuftrations  of  difficulties  in  chronology.  Roman,  Grecian, 
Saxon,  Runic,  Egyptian,  and  Perfian  antiquities  have  alfo 
a  variety  of  new  lights  thrown  upon  them  in  thefe  papers^ 
The  firft  account  of  the  difcovery  of  the  famous  ruins  of  Pal¬ 
myra  appears  here  in  two  communications  from  Mr.  Timothy 
Tandy  and  Air.  Aaron  Goodyear.  When  the  members  and 
correfpondents  of  the  Society  were  engaged  in  journeys  and 
voyages,  they  never  failed  to  regifter  for  its  information  at 
leaft  fome  of  the  more  extraordinary  faCts  which  came  under 
their  notice.  And  a  number  of  its  papers  are,  in  confequence 
of  this,  narratives  of  Inch  obfervations,  interefting  in  the 
higheft  degree  at  once  to  philofophers  and  to  mere  popular 
curiofity. 

Yet  about  the  beginning  of  the  18th  century  the  members 
of  the  Society  were  themlelves  diffatisfied  with  the  progrefs 
and  fuccefs  of  their  efforts.  They  began  to  feel  that  their  firft; 
ardour  of  inquiry  had  become  cool.  They  complained,  that 
<c  the  difcouraging  negleCt  of  the  great,  the  impetuous  contra¬ 
diction  of  the  ignorant,  and  the  reproaches  of  the  unreafon- 
able,  had  unhappily  thwarted  them  in  their  defign  to  perpe¬ 
tuate  a  fucceflion  of  ufeful  inventions.”  Nor  was  it  to  have  been 
expeCted  that  the  fears  for  religion  and  liberty  in  the  latter 
part  of  the  reign  of  Charles  the  Second  and  his  luce cfTor,  the 


And  Progrefs.of  the  Royal  Society  of  'London. 

©ivi!  and  political  contentions  to  which  they  gave  birth,  and 
the  direction  of  fo  much  of  the  learned  ability  of  the  time, 
to  exercife  in  the  field  of  the  popifh  controverfy,  fhouid  not 
have  proved  inaufpicious  to  the  advancement  of  philolbphiea! 
ffudies.  The  reign  of  William,  ha  rafted  with  wars,  with 
difputes  relative  to  the  rights  of  the  reigning  fovereign  and 
to  the  royal  fucceflion,  with  factions  in  church  and  ft  ate, 
introduced  no  new  fortunate  sera  for  the  advancement  of  phi- 
lofophy  and  the  arts.  Even  in  the  beginning  of  the  j 8th 
century,  and  during. the  courfe  of  lame  years,  the  fame  dif- 
fenfions  and  wars  continued  to  produce  the  fame  effects  upon 
the  fortune  of  fcience.  The  wits  prefumed  to  throw  ridicule 
upon  fcience  and  erudition,  which  they  were  too  idle  to  cul¬ 
tivate,  The  reign  of  Anne  was  for  England  perhaps  the 
golden  age  of  wit  and  elegant  literature ;  and  men  (bowed 
themfelves  fufficiently  difpofed  to  prefer  the  light  and  jfhininsr* 
to  that  which  was  only  folid  and  unoftentatious. 

Yet,  while  Newton,  the  pride  of  the  Royal  Society,  di- 
ftinguifhed  himfelf  among  its  aftfive  members,  or  prefided  at 
its  meetings,  it  could  not  hut  continue  to  be  regarded  as  the 
grand  focus  of  phvfico-mathematical  difcovery  and  know- 
lodge.  His  own  communications  m  optics,  aftronomv,  and 
general  phvfics,  were  invaluable.  His  fyftem  of  the  uraverie 
was  adopted  as  one  which  was  infallibly  true,  and  which  it 
was  for  the  honour  of  the  nation,  by  all  poffible  means,  to 
11  lu ftrate  and  maintain.  Hence,  from  the  commencement  till 
nearly  the  middle  of  the  18th  century,  the  labours  of  the  So¬ 
ciety  were  principally  employed  in  purfuing  the  analogies  of 
the  Newtonian  fyftem  throughout  all  that  diverfity  of  phe¬ 
nomena  by  which  its  certainty  was  to  he  tried.  Such  were 
almoft  all  the  experiments,  obfervations,  and  theories,  of  the 
illuflrious,  the  indefatigable  Halley.  Defagulier,  Racio,  Keill, 
and  Maclaurin,  fuccefsrully  laboured  in  the  fame  field.  Every 
other  branch  of  thofe  fciences  which  the  Society  fiudied  efpe- 
cially  to  improve,  continued  alfo  to  be  more  or  lefs- advanced 
by  the  labours  of  its  members. 

It  was  at  length  evident  that  the  field  which  its  founders, 
had,  with  noble  ambition,  marked  out  for  themfelves  was  too 
vaft.  The  Society  of  Arts  arofe  by  perhaps  an  mreonfeious 
derivation  from  the  Royal  Society.  To.  the  latter  was  Hill 
left  the  province  of  the  fublimcr  and  abitrnicr  fciences.  The 
latter,  with  admirable  national  enthufiafm,  undertook  the  talk 
of  applying,  and  encouraging  the  application  of,  feientifi'o 
truth  to  the  improvement  of  the  common  arts. 

Fora  time,  about  the  middle  of  the  1 8th  century,  when 
the  Newtonian  fyftem  was  fully  efubli  filed,  and  no  new 
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path  of  noble  difcovery  had  been  opened,  the  exertions 
of  thefe  philofophers  might  comparatively  languifh.  The 
difcoveries  of  Dr.  Stephen  Hales  concerning  the  diverfities  of 
airs,  about  that  time,  however,  renewed  the  truths  which  had 
been  firft  explained  by  Hooke.  Difcoveries  in  natural  hiftory 
and  chemiftry  were  continually  more  and  more  multiplied. 
Franklin  at  length  communicated  to  the  Society  the  grand 
truth  of  the  identity  of  lightning  with  electricity,  and  a  new 
theory  combining  all  the  electrical  phsenomena  which  had 
been  as  yetobferved.  Prieftley,  following  Hales,  Hooke,  and 
Boyle,  in  -experiments  upon  air,  difcovered  ali  the  varieties  of 
aeriform  fu  bit  a  nee.  Cavendifh,  Kinvan,  and  others,  exa¬ 
mined  airs  in  their  relations  to  the  calces  of  metals,  & c.  Sir 
Jofeph  Banks  has  done  high  honour  to  the  Society  bv  the  ad¬ 
vancement  which  it  has,  under  his  aufpices,  made- in  botani¬ 
cal  difcovery,  and  in  the  culture  of  the  other  branches  of  na¬ 
tural  hiftory.  At  the  prelent  time,  its  labours  are,  in  all  the 
branches  of  phyfical  and  mathematical  fcience,  moft  zealoufly 
continued.  Amid  fo  many  rival  inftitutions  the  Royal  Society 
of  London  holds  ftill  the  firft  place,  its  memoirs,  now  with 
great  regularity  annually  publiftied,  fully  vindicate  its  claim 
to  the  higheft  eftimation  of  the  public.  We  have  reviewed 
its  hiftory  with  a  confcious  pride  that  we  are  of  the  fame 
country  and  language  with  a  fiiceeftion  of  philofonhers  who 
have  difcovered,  or  collected  and  arranged,  the  better  part  of 
the  phyfical  knowledge  peculiar  to  modern  times.  He  who 
would  afpire  to  the  praife  of  a  philofopher  would  do  well  to 
ftudy  the  volumes  of  its  Tran  factions  with  peculiar  care. 
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A  FITS  learned  body  had  its  firft  meeting  after  the  fummer 
recefs  on  the  5th  inft.  (November),  which  was  occupied  by 
the  reading  of  the  Croonian  lecture  by  Everard  Home,  Efq. 

The  meetings  on  the  12th  and  19th  were  taken  up  in  read¬ 
ing  the  Bakerian  le&ure  on  the  theory  of  light  and  colours, 
by  Dr.  Young,  profeftbr  of  natural  philofophy  at  the  Royal 
Inftitution. 

In  this  lecture  the  author  offers  no  new  experiments,  a 
fufficient  number  for  his  purpofe  having  been  made  and  re- 
-corded  bv  preceding  philofophers,  on  which  he  refts  four  hypo- 
thefes  :  The  firft  is,  that  a  luminiferous  aether ,  of  an  extreme 
degree  of  rarity,  pervades  the  univerfe  5  the  fecond,  that,  when 
3  bodies 
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bodies  become  luminous,  undulations  are  excited  in  this 
iether — The  third,  that  colours  are  owing  to  vibrations 
in  this  aether  adting  on  the  retina — and  the  fourth,  that  all 
matter  attracts  this  cether;  and  that,  when  bodies  are  lumi¬ 
nous,  it  adts  in  a  more  denfe,  though  not  in  a  more  elaftic 
ftate  upon  them. 

In  the  meeting  on  the  26th  was  read  an  analyfis  of  a  mi¬ 
neral  from  North  America,  which  contains  a  metal  different 
from  any  hitherto  known  :  by  Charles  Hatchet,  Elq. 

This  is  an  acidifiable  metal,  but  differs  in  feme  refpe<5ts  from 
thofe  acidifiable  metals  already  known.  A  vivid  orange-co¬ 
loured  precipitate  can  be  thrown  down  from  one  of  its  folu- 
tions,  which,  as  it  remains  unchanged  after  being  expofed  to 
-  air  and  light,  will  be  a  mod  valuable  acquifition  to  artifts. 
By  another  procefs  a  green  precipitate  is  obtained. 

it  is  propofed  to  give  this  metal  the  name  of  Columbium. 
The  fpecimen  from  part  of  which  this  analyfis  was  made  is 
in  the  Britifh  Mufseum ;  but  Mr.  Hatchet  is  in  hopes  of 
being  able  to  obtain  a  frefh  fupplv  from  America. 

Part  II.  of  the  Philofophicai  Tranfa£tions  for  iSoi,  juft 
publifhed,  contains  the  following  articles: 

12.  A  Hifiorical  and  Anatomical  Defcription  of  a  doubtful 
amphibious  Animal  of  Germany,  called  by  Laurenti  Proteus 
Anguinus.  By  Charles  Schreiners,  M.  D.  of  Vienna. — 13. 
Obfervations  tending  to  inveftigate  the  Nature  of  the  Sun, 
in  order  to  find  the  Caufes  or  Symptoms  of  its  variable 
Emiffion  of  Light  and  Heat ;  with  Remarks  on  the  Ufe  that 
may  poffibly  be  drawn  from  Solar  Obfervatons.  By  William 
Herfchel,  LL.  D.  F.  R.  S.— 14.  Obfervations  on  the  Struc¬ 
ture,  and  Mode  of  Growth,  of  the  grinding  Teeth  of  the 
Wi'd  Boar,  and  Animal  incognitum.  By  Everard  Home, 
Efq.  F.  R.  S. — 15.  Accounts  of  fome  Experiments  on  the 
Afcent  of  the  Sap  in  Trees.  In  a  Letter  from  Thomas 
Andrew  Knight,  Efq.  to  the  Right  Hon.  Sir  Jofeph  Banks, 
Bart.  K.  B.  P.  R.  S.- — 16.  Additional  Obfervations  tending 
to  inveftigate  the  Symptoms  of  the  variable  Emiffion  of  the 
Light  and  Heat  of  the  Sun ;  with  Trials  to  fet  afide  darken¬ 
ing  Glaftes,  by  tranfmittingthe  Solar  Rays  through  Liquids; 
and  a  few  Remarks  to  remove  Ohjedtions  that  might  be  made 
again  ft  fome  of  the  Arguments  contained  in  the  former  Paper. 
By  William  Herfchel,  LL.  D.  F.  R.  S. — 17*  On  an  improved 
Reflecting  Circle.  By  Jofeph  de  Mendoza  Rios,  Efq.  F.R.  S.~ — 
iH  Obfervations  and  Experiments  upon  Dr.  James’s  Powder ; 
with  a  Method  of  preparing,  in  the  humid  W ay,  a  fimilar  Sub- 
ftance.  Bv  Richard  Chenevix,  Elq.  F.R.  S.  M.  R  LA.— 
19.  Cafe  of  a  young  Gentleman,  who  recovered  his  Sight 
Vol.  XI.  M  '  when 
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when  feven  Years  of  Age,  after  having  been  deprived  of  k 
by  Cataracts  before  he  was  a  Year  old  ;  with  Remarks.  By 
Mr.  James  Ware,  Surgeon. — 20.  An  Account  of  fome  Gal¬ 
vanic  Combinations*  formed  by  the  Arrangement  of  fingle 
metallic  Plates  and  Fluids,  analogous  to  the  new  Galvanic 
Apparatus  of  Mr.  Volta.  By  Mr.  Humphry  Davy,  Lecturer 
on  Chemiftry  in  the  Royal  Inftitution.— 21.  A  Continuation 
of  the  Experiments  and  Obfervations  on  the  Light  which 
is  fpontaneouily  emitted  from  various  Bodies  5  with  fome 
Experiments  and  Obfervations  on  Solar  Light,  when  imbibed 
by  Canton’s  Phofphorus.  By  Nathaniel  Hulme,  M.  D. 
F.  R.  S.  and  A.  S. — 22.  Experiments  on  the  chemical  Pro¬ 
duction  and  Agency  of  Electricity.  By  William  HydeWol- 
lafton,  M.  D.  F.  R.  S. — 23.  Farther  Obfervations  on  the 
EffeCts  which  take  Place  from  the  DeftruCtion  of  the  Mem- 
brana  Tympani  of  the  Ear ;  with  an  Account  of  an  Operation 
for  the  Removal  of  a  particular  Species  ofDeafnefs.  By  Mr. 
Aftley  Cooper. 

THE  SOCIETY  OF  ARTS  AND  SCIENCES  AT  UTRECHT* 

This  fociety  has  propofed  the  following 

Prize  Quejlions  l 

iff,  What  is  the  real  nature  of  the  electrical  matter?  Is  it 
compound,  and  of  what  principles  is  it  compofed  ?  What 
are  the  chemical  changes  which  it  experiences  by  its  union 
with  other  bodies,  and  which  it  produces  in  thefe  bodies? 

The  beft  anfwer,  to  be  tranfmitted  before  the  ift  of  Oc¬ 
tober  1803,  will  be  entitled  to  a  medal  of  the  value  of  thirty 
ducats. 

2d,  The  following,  which  has  not  yet  been  anfwered,  is  again 
propofed  : — What  is  the  real  nature  of  the  dyfentery  ?  Is  it 
always  the  fame?  What  are  the  different  caufes  of  this  dif- 
eafe  ?  What  are  its  fymptoms,  and  their  confequenees  ? 
What  is  the  beft  treatment,  and  method  of  cure  ?  and,  in 
particular,  how  far  is  the  ufe  of  opium  proper  as  a  remedy  ? 
The  anfwer  to  be  lent  in  before  the  ift  of  October  1803. 

3d,  A  medal,  of  twenty  ducats  value,  will  be  adjudged  t® 
the  author  of  the  belt  paper  on  natural  hiftory,  and  a  filver 
medal  to  the  next  beft. 

The  papers  to  be  lent  in  before  the  ift  of  Q&ober  1802. 

4th,  Why  are  the  difeafes  now  prevalent  in  Holland  not 
fo  Ample  as  formerly  ?  Is  it  owing  to  bilious,  vifeous,  or 
other  caufes  ?  By  what  means  can  it  be  afeertained  with 
molt  certainty,  in  the  commencement  of  thefe  difeafes,  which 
of  the  above  caufes  predominate  ?  What  is  the  beft  method 
of  cure  ?  • 
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The  papers  to  be  transmitted  before  the  lame  period. 

5th,  By  what  means  can  duelling  be  prevented  in  a  coun¬ 
try  where  an  idea  prevails,  that  infamy  attaches  to  a  perfon 
who  on  receiving  certain  injuries  does  not  call  forth  the  of¬ 
fender,  or  who  when  called  forth  does  not  accept  the  chal¬ 
lenge  ?  And  in  fuch  cafes,  what  meafures  are  to  be  purfued  ? 

The  papers  to  be  Sent  in  as  before. 

The  anfwers  to  thefe  queftions,  written  either  in  the  Ger¬ 
man,  Dutch,  Englifh,  French,  or  Latin  languages,  mu  ft  be 
infcribed  with  a  certain  device,  and  tranfmitted,  free  of  poll- 
age,  to  Dr.  Luchtmans,  at  Utrecht,  Secretary  to  the  Society, 

French  national  institute. 

Notice  of  the  labours  of  the  Clafs  of  the  Mathematical  and. 
Phyfical  Sciences  during  the  lafl  three  months  of  the  year  9. 

Mathematics. 

C.  Delambre  read  the  following  account  of  the  mathema¬ 
tical  labours; 

A  memoir  on  the  equilibrium  of  arches,  by  C.  Boffin,  was 
read.  As  the  flones  which  cpmpofe  an  arch  mutually  coun¬ 
terbalance  each  other,  they  remain  fufpended  without  any 
fupport  from  below,  all  their  effort  being  directed  towards 
the  abutments,  which  Support  the  arch,  as  if  it  formed  one 
continued  body. 

To  enfure  the  duration  of  an  arch,  it  is  not  Sufficient  that 
all  the  flones  ffiould  be  in  equilibrium  ;  the  abutments  on 
which  they  reft  muft  oppofe  a  Sufficient  refinance  to  the 
efforts  the  arch  makes  to  overturn  or  crufh  them. 

A  refearch  into  the  means  proper  for  preventing  their  being 
overturned  conftitutes  what  is  called  the  problem  of  the  pufli 
of  arches,  which  engaged  the  attention  of  Several  geome¬ 
tricians  of  the  lafl  century ;  but  they  entirely  neglected  that 
problem  which  has  for  its  objedl  the  means  of  preventing 
crufh  ing. 

To  try  the  refiftance  of  which  different  flones  are  fufeepti- 
ble,  Souffiet  invented  a  machine,  which  was  afterwards  im¬ 
proved  by  C.  Rondelet. 

The  antients  had  no  very  certain  or  geometrical  principles 
for  iufuring  the  Solidity  of  their  edifices  ;  at  lead,  no  trace  of 
them  is  Seen  in  the  work  of  Vitruvius,  nor  is  any  thing  found 
ia  that  work  on  the  figure  of  the  Stones  or  on  that  of  the 
wood;  which  induces  C.  Bofiut  to  think  that  their  archi¬ 
tects,  attending  merely  to  decoration  and  external  form,  left 
to  the  builders  what  related  to  the  conftruCtion  and  Solidity, 
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in  which,  unfortunately,  they  have  had  too  many  imitators 
among  the  moderns. 

La  Hire  was  the  firH,  at  lead  in  France,  who  determined, 
by  the  theory  of  the  wedge,  the  proportion  according  to 
which  the  weight  of  the  arch  Hones  ought  to  be  augmented 
in  a  femi-circular  arch. 

In  1704,  Parent  determined  by  points  the  figure  of  the 
extrados  of  an  arch  the  intrados  of  which  is  a  femi-circle. 
He  determined  alfo  the  pufli  of  fuch  an  arch  on  the  abut¬ 
ments. 

James  and  John  Bernoulli,  Huygens,  and  Leibnitz,  having 
refolved  the  problem  of  the  catenarian  curve,  it  was  loon  per¬ 
ceived  that  this  curve  was  that  of  the  equilibrium  for  an  arch 
c-ompofed  of  arched  Hones  infinitely  fmall  and  equally  heavy. 
David  Gregory  (bowed  this  faff,  and  it  is  deduced  ft  ill  more 
dire&ly  from  a  method  given  by  James  Bernoulli.  A  fecond 
method  of  the  fame  author,  corrected  by  C.  Boflht,  conducts 
to  the  fame  conclufion. 

La  Hire  in  171c  gave  a  method,  founded  on  fome  experi¬ 
ments,  which,  on  account  of  its  great  facility,  was  adopted 
by  practical  workmen,  who  gave  themfelves  110  trouble  to 
inquire  whether  it  w?as  applicable  to  all  cafes.  Not  content 
with  following  it  in  femi-circular  arches,  they  applied  it  even 
to  domes,  though  the  equation  of  the  equilibrium  in  this 
cafe  is  of  the  third  degree,  and  not  of  the  fecond,  as  in  the 
preceding  cafe. 

Couplet  has  treated  of  the  pufh  of  femi-circular  arches, 
and  of  the  thicknefs  of  their  abutments  ;  firft,  by  confidering 
the  arch  Hones  as  infinitely  fmooth,  and  experiencing  no  re¬ 
finance  from  fri&ion ;  and  then  he  endeavours  to  correct 
what  may  be  defective  in  this  fuppofition  :  but  he  does  not 
go  further  than  Parent  and  La  Hire. 

Bouguer  has  treated  of  domes.  He  has  fhown  that  a  va¬ 
riety  of  curves  may  be  employed  in  them,  and  of  thefe  he 
points  out  thole  moH  advantageous.  But  he  has  not  calcu 
lated  the  pufh,  nor  has  he  examined  the  law  of  the  forces 
which  muH  a6t  on  the  arch  Hones  when  I  he  generating  curve 
is  lubjected  to  given  conditions;  a  fubjeCt  fertile  in  curious 
and  ufeful  problems. 

In  1770  C.  Bofiut  undertook  to  treat  of  the  queftion  in  its 
whole  extent,  both  in  regard  to  femi-circular  arches  and 
doings.  He  examined  every,  thing  that  relates  to  the  form 
and  pufh  of  arches.  His  memoirs  were  printed  in  the  Tranf- 
aCHions  of  the  Academy  of  Sciences  for  the  years  1774  and 
i776'- 
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Mafcheroni,  who  was  deputed  by  the  Cifalpine  republic 
to  a  (lift  in  fixing  the  unity  of  the  new  meafures,  and  of  whom 
the  faiences  were  deprived  la  ft  year,  made  in  1785  new  re- 
fearches,  and  gave  forne  ingenious  proportions  refpebting  the 
equilibrium  of  domes  with  circular  elliptical  and  polygonal 
bates. 

After  manv  new  reflections  and  fey  era!  experiments,  which 
may  be  of  the  greatefl  ufe  in  practice,  C.  BoflTut  has  refumed 
his  two  memoirs,  which  he  has  thrown  into  one,  Simplifying 
his  calculations  in  Several  places.  He  has  made  a  great  many 
additions  both  in  .theory  and  practice,  fo  that  the  whole  now 
forms  a  work  which  may  be  confklered  as  new. 


Comet. 


C.  Mei flier  read  a  note  on  the  comet  which  he  discovered 
on  the  1 2th  of  July  laft,  about  half  after  11  in  the  evening. 
It  had  a  very  faint  light:  in  41  minutes  time  it  had  24'  4Q7 
direct  motion  in  right  afeenfion,  and  o'  38^  in  northern  de¬ 
clination  decreafing.  The  fame  comet  was  feen  the  fame 
day,  and  aimotl  at  the  fame  inftant,  by  Mechain  and  Bou- 
vard;  and  the  latter  obferved  it  on  the  meridian  at  11  h.  57' 
49"  true  time.  Its  right  afeenfion  was  m°  15',  and  its 
northern  declination  69°  30'. 

It  has  fince  been  known  that  it  was  obferved  the  fame  day 
at  Marfeilles  by  C.  Pons,  who  had  even  feen  it  the  day  be¬ 
fore.  But  the  clouds  did  not  then  permit  him  to  afeertain, 
by  regular  observations,  whether  it  was  a  comet  or  only  a 
nebulus.  Mechain  has  calculated  its  elements. 


Ohferv ation  of  the  Summer  Sol/lice  of  the  Year  9  (1801). 

Duc-la-Chapelle,  aflociate,  has  communicated  to  us  the 
refill t  of  the  obfervations  he  made  at  Montauban,  to  deter¬ 
mine  the  folftitial  altitude  of  the  fun  and  the  obliquity  of  the 
ecliptic. 

By  the  mean  of  nine  days  obfervations  he  found  the  appa¬ 
rent  obliquity  to  be  23  ’  2 S/  p7,  fuppoiing  the  fern  i -diameter 
of  the  fun  15'  4s7,  and  the  latitude  of  his  obfervatory  440 
o'  52".  f  A 

Thefe  obfervations  were  made  with  Lacaille’s  Sextant ;  and 
it  would  perhaps  be  proper  to  take  from  the  tables  of  that 
aftronomer  the  diameter  . of  the  fun  and  the  refractions  which 
he  determined  with  the  fame  instrument,  becaufe  thefe  tablets 
contain  alfo  the  errors  of  that  Sextant.  By  thefe  means  the 
obfervations  of  Due-la-Chapelle  would  agree  with  ours.  By 
a  mean  of  eighteen  days  obfervations,  made  with  Borda’s 
circle,  I  found  the  obliquity  to  be  230  28'  872.  Mechairi 
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and  Le  Francois  found  the  fcconds  to  be  only  from  6  to  J. 
It  is  exceedingly  difficult  to  avoid  thefe  fmall  differences. 
Uniting  my  obfervations  for  three  years,  I  find,  by  taking 
a  mean,  that  the  apparent  obliquity  at  the  fummer  folftice  ot 
the  year  8  (1800)  was  23°  28'  6^4,  or  23°  27 7  58"  for  the 
mean  obliquity.  The  obfervations  of  Bradley,  Mayer,  La- 
caille,  and  Lc  Gentil,  gave  nearly  230  28  l8;/  for  1750;  it 
would  thence  refult  that  the  fecular  diminution  is  only  40' ; 
infteadof  the  $c"  which  are  generally  fuppofed.  A  part  of  the 
difference  may  arife  from  the  obfervations,  and  particularly 
the  old  obfervations,  which  perhaps  ought  to  be  examined 
with  the  more  correct  elements  which  are  employed  at 
prefent. 

Remarks  on  the  Fifty  Tboifand  Stars ,  the  Obfervations  of 
which  have  been  publijhcd  by  Lahnule. 

Lalande  has  announced,  in  the  preface  to  his  Hijloire  Ce- 
lejley  that  there  are  in  the  heavens  a  great  many  vacant 
fpaces,  many  changing  ftars,  and  many  red  ftars.  He  has 
now  given  further  details  refpe&ing  thefe  objects  in  a  memoir 
accompanied  with  tables.  By  vacant  fpaces  Lalande  here 
underftands  fpaces  in  which  no  ftars  are  feen  of  the  ninth 
magnitude,  which  are  the  fmall  eft  that  can,  be  perceived  with 
an  achromatic  telefcope  of  fixty-feven  millimetres  aperture 
(about  2 1  inches)  for  illuminating  the  objedl-glafs  that  the 
threads  mav  be  feen.  It  is  beyond  all  doubt,  that,  by  ex¬ 
cluding  all  foreign  light,  and  employing  the  ftrongeft  magni¬ 
fying  glaftes,  thefe  vacant  fpaces,  properly  fo  called,  would 
be  found  to  be  confiderably  diminilhed  in  number;  and  per¬ 
haps  there  is  not  in  the  whole  heavens  a  Angle  place  to  which 
a  telefcope  could  he  pointed  without  feeing  a  great  number 
of  ftars,  but  below  the  ninth  magnitude,  and  confequently 
too  faint  to  be  of  any  ufe  in  aftronorny. 

Lalande  gives  a  catalogue  of  all  thefe  vacant  fpaces;  that 
is  to  fay,  his  table  contains  the  right  afcenlion  and  declina¬ 
tion  of  the  ccqtre  of  gach  of  thefe  fpaces. 

The  changing  ftars  are  contained  in  a  fecond  table,  and 
are  in  number  thirty-one.  There  are  only  twelve  the  pe¬ 
riods  of  which  are  known,  but  there  are  feveral  others  which 
dcereafe  in  magnitude  fo  as  to  difappear  at  intervals.  By 
attentive  observation,  the  time  which  elapfes  between  two 
confecutiye  difappearances  might  be  determined;  and  this 
kind  of  observation  Lalande  recommends,  to  the  curiofity  of 
thofe  who,  being  poffeffed  of  only  moderate  inftruments,,  may, 
however,  be  dehrops  of  being  ufeful  to  aftronorny. 

The  third  table  contains  thirty- three  ftars  of  a  red  colour, 
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About  the  year  1756  Mayer  had  remarked  this  tint  in  the 
nineteenth  of  pifees,  which  he  denotes  in  the  regiderofhis 
obfervations  by  the  epithet  of  ruhicunda ,  as  we  have  feen  by 
the  copy  fent  to  us  by  M.  Lichtemberg  of  all  the  obfervations 
made  by  Mayer  on  the  day  on  which  he  obferved  the  planet 
of  Herfchel.  Michell  and  Bailli  fuppofe  that  the  colour  of 
the  ftars  may  depend  on  the  different  intenfity  of  their  fire, 
or  the  degree  of  their  inflammation  ;  and  that  the  red  colour 
may  indicate  a  fire  decreafing.  Under  this  idea  it  might  be 
of  importance  to  examine  the  changes  of  colour  which  the 
ffars  experience.  However,  thefe  variations,  if  they  exifl, 
are  doubtlefs  exceedinolv  flow:  for  the  different  (hades  at 
prefent  remarked  between  Antares,  ArClurus,  Aldebaran, 
Syrius,  and  the  Lyre,  exified  in  the  time  of  Ptolemy. 

FiXtratl  from  a  Memoir  on  the  Degree  of  Magnetifm  acquired 
by  Bars  of  Steel  of  different  Thichiefs ,  end  on  j'ovie  Refults 
in  regard  to  the  Magnetic  Needle ,  by  C.  Coulomb . 

Almoft  all  the  magnetic  phenomena  can  be  fubjeCfed  to 
calculation  if  we  fuppofe  in  fieel  two  magnetic  fluids,  in  each 
of  which  the  moleculre  repel  each  other  in  the  inverfe  ratio 
of  the  fquares  of  the  di dances,  and  attract  in  the  fame  ratio 
the  particles  of  the  other  fluid.  This  law  was  proved  by 
Coulomb  in  the  Memoirs  of  the  Academy  for  1786,  from 
experiments  which  appear  decifive. 

When  ffeel  is  in  its  natural  date,  and  not  magnetized,  the 
two  fluids  are  neutralized  by  each  other;  that  is  to  fay,  they 
keep  each  other  mutually  in  equilibrium,  and  no  longer  exer-* 
c.ife  any  action,  fince  one  of  the  fluids  attracts  a  magnetic 
xnolecula  with  the  fame  force  as  the  other  repels  it. 

When  the  fluids  are  feparated  they  tend  to  unite  and  to 
neutralize  each  other;  and  they  would  indeed  unite  were 
there  not  a  coercive  force  which  oppofes  this  union.  This 
force  may  be  either  the  adhefion  of  the  moleculae  of  the  fluid 
to  the  deel,  or  the  friction  which  they  experience  in  pafling 
from  one  point  to  another. 

The  author  has  proved  ( Memoires  de  V Academic  1787, 
p.  491)  that  whether  the  two  fluids  were  feparated  and  car¬ 
ried  each  to  an  extremity  of  the  bar,  or  whether  they  were 
only  difplaced  in  each  molecula  of  the  deel  without  the  power 
of  pafling  from  one  molecula  to  another,  calculation  gave  the 
fame  refult.  He  has  proved  at  the  fame  time  that  the  latter 
fuppofition  is  the  only  one  which  can  agree  with  experience. 

According  to  thefe  fuppofitions,  a  bar  of  deel  may  acquire 
every  degree  of  magnetifm,  provided  that  there  is  no  point  in 
it  where  the  refult  of  the  aClion  of  all  the  niojeeula?  of  the 
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fluid  of  the  bar  which  aCt  on  the  magnetic  fluid  of  that  point* 
is  greater  than  the  cohefion  which  prevents  it  from  being  dil- 
placed. 

But  among  all  the  degrees  of  magnetifm  there  is  one  which 
may  be  called  the  point  ot  faturation,  or  the  maximum  of 
magnetifm  ;  it  is  that  where  the  refult  of  the  forces  on  each 
molecula  is  precifely  equal  to  the  adhefion  of  that  molecuia 
to  the  heel.  It  may  be  readily  conceived  that  when  it  attains 
to  this  hate  the  bar  has  the  higheft  degree  of  magnetifm 
which  it  can  acquire;  it  is  alfo  that  degree  which  ought  to 
be  given  to  bars  dehined  for  making  needles  to  the  mariner’s 
compafs. 

To  know  whether  a  needle  be  magnetized  to  faturation, prac- 
tice  feems  to  furnifh  but  one  method,  which  is,  to  magnetize 
it  with  bars  of  different  ftrength.  If  a  bar,  for  example,  be 
fucceffively  magnetized  with  bars  the  force  of  which  is  as 
1  to  3,  and  if  the  bar  the  hr  ft  time  has  the  fame  directive  force 
as  when  magnetized  with  the  firongeft  magnets,  it  appears 
that  we  may  thence  conclude,  with  a  great  deal  of  proba¬ 
bility,  that  the  bar  is  magnetized  to  faturation.  Theory  fur- 
nifties  us  with  a  more  direct  method,  which  is,  to  find  by 
calculation  what  may  be  the  directing  force  of  a  bar  mag¬ 
netized  to  faturation,  and  to  examine  whether  the  refult  of 
this  calculation  be  agreeable  to  experience.  It  was  in  this 
manner  that  Coulomb  proved,  in  the  third  volume  of  the 
Memoirs  of  the  Institute,  p.  176,  that  if  two  bars  of  fteel, 
all  the  tides  of  which  are  homologous,  that  is  to  fay,  the  cor- 
relponding  fides  of  which  are  in  idle  lame  ratio,  be  compared 
with  each  other,  thefe  bars,  fufpended  horizontally  as  the 
needles  of  a  compafs,  will  have  the  momenta  of  their  direct¬ 
ing  forces  as  the  cube  of  one  of  their  dimenfions.  This  re¬ 
fult  perfectly  agrees  with  what  has  been  found  by  experi¬ 
ment  ;  which  affords  a  new  confirmation  of  the  theory. 

In  the  p refen t  memoir  the  author  endeavours  to  determine 
the  magnetic  ftate  of  feyeral  bars  united  in  fuceeffion  one 
above  the  other,  or,  what  amounts  to  the  fame  thing,  to  de¬ 
termine  the  force  of  different  bars  in  regard  to  their  thicknefs. 

But  it  may  be  eaiily  conceived  that,  if  the  theory  adopted 
is  agreeable  to  nature,  when  two  bars  of  great  breadth,  and 
very  thin,  are  magnetized  to  faturation,  each  point  magnet¬ 
ized,  in  the  two  bars  united,  will  experience,  on  the  part  of 
thefe  two  bars,  an  aCtion  alinoft  double  to  that  which  the 
fame  point  would  experience  if  each  bar  magnetized  to  fatu¬ 
ration  were  infulated.  Thus,  by  uniting  the  two  bars,  each 
of  them  ought  to  retain  only  a  little  more  than  half  the  mag¬ 
netifm  which  it  had  when  infulated,  fince  the  adhefion  is 
'*  .  the 
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the  Tame  for  two  bars  as  for  one.  This,  indeed,  the  author* » 
proved  by  taking  two  bars  of  a  white  temper  of.  .80  milli¬ 
metres  (3,14960  inches)  in  length,  a  third  of  a  milli¬ 
metre  (0*01312  inch)  in  thicknefs,  and  forty  millimetres 
(1,57480  inch)  in  breadth.  Experience  fhowed  that  the  ratio 
of  the  momentum  of  the  directing  force  of  one  infulated  bar 
to  that  of  the  fame  bar  united,  is  as  185  to  100,  or  nearly, 
as  may  be  hen,  the  ratio  of  2  to  1. 

But  it  may  be  readily  conceived  that,  in  proportion  as  bars 
have  more  thicknefs  and  lefs  breadth,  as  the  fluid  condenfes 
itfelf  in  the  edges  and  angles  to  which  it  is  impelled  in  one 
direction  without  experiencing  reaction,  it  muff  then  happen 
that  this  ratio  will  be  diminifhed.  In  this  refpedt,  experience 
gave  a  refult  of  great  importance  to  practice.  It  is  a  ratio 
almoft  conftant;  fo  that,  if  a  bar  a  millimetre  (0*03937  inch) 
in  thicknefs  be  joined  to  another  of  the  fame  thicknefs;  if  thefe 
two  bars  be  magnetized  to  faturation  feparately,  and  if  they 
be  then  magnetized  together  united,  the  ratio  of  the  mo-: 
inentum  of  their  directing  forces  in  thefe  two  cafes  will  be 
very  nearly  as  165  to  100.  i 

This  ratio  takes  place  alfo,  as  theory  indicates,  and  as  is 
confirmed  by  experience,  whether  the  bars  be  hardened  of  a 
white  temper,  or  whether  they  be  tempered  to  the  fame  de¬ 
gree  of  fpring,  provided  they  are  compared  in  the  fame  hate 
of  temper  and  hardnefs. 

It  muft  however  be  remarked,  that  either  by  the  method 
by  which  we  magnetize,  or  fome  other  property  of  the  mag¬ 
netic  fluid,  which  theory  has  not  yet  appreciated,  when  a  bat- 
very  long  compared  with  its  other  dimentions  is  magnetized, 
the  whole  fluid  proceeds  towards  its  extremities  in  an  extent 
fo  much  narrower  as  the  breadth  and  thicknefs  of  the  bar  are 
lefs,  and  as  the  degree  of  temper  is  greater.  Between  thefe 
two  parts  there  is  an  interval  which  gives  fcareely  any  fign  of 
magnet iffti;  whence  it  happens,  that  by  joining  two  very  long 
bars  the  preceding  law  cannot  have  place,  beeaufe  the  action 
of  the  magnetifrn  of  the  two  bars  united  only  caufes  the  mag¬ 
netic  fluid  to  flow  back  into  the  parts  which  gave  no  fign  of 
magnetifrn  when  each  needle  wras  infulated. 

It  is  only  with  needles  then  which  give  figns  of  magnetifrn 
throughout  their  whole  length  that  we  ought  to  find  an  agree¬ 
ment  between  experience  and  theory.  It  is  always  found, 
for  example,  that  if  the  directive  force  of  an  infulated  bar  of 
two  hundred  millimetres  (7,87400  inches)  in  length,  what¬ 
ever  may  be  its  other  di mentions,  is  to  the  directive  force  of 
the  fame  bar,  when  united  with  one  equal  to  it,  as  165  to 
100;  all  Ihorter  bars  will  give  the  lame  refult,  and  all  bun¬ 
dles 
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dies  formed  of  fuch  bars  will  cive,  in  regard  to  a  bundle 

C?  7  o 

double  in  thieknefs,  the  fame  remit* 

Theory  indicates  alfo,  that  when  a  bar  is  compared  with 
itfclf  in  different  hates,  whatever  may  be  its  dimenhons,  if 
it  be  magnetized  to  faturation,  its  diredlive  force  ought  to 
be  augmented  with  the  coercive  force  which  keeps  the  mag¬ 
netic  fluids  feparated.  But  as  this  coercive  force  is  conftant  for 
equal  hates  of  the  fteel,  it  thenee  refill ts,  that  whatever  may 
he  the  dimenfions  of  a  bar  it  will  give  a  conftant  ratio  when 
its  directive  force  is  compared  in  two  different  dates.  Here, 
alfo,  experience  is  agreeable  to  theory.  Bars  made  from  the 
fame  piece  of  Englilh  heel-plate,  whatever  their  number  and 
dimenfions,  when  hardened  at  a  cherry  red,  gave  diredlive 
forces  greater  than  when  brought  down  from  a  higher  to  that 
temper  in  the  ratio  of  24  to  10,  which  announces  that  the 
coercide  forces  are  in  the  fame  ratio. 

The  fame  bars  brought  to  a  blue  temper  gave,  in  regard  to 
thofe  brought  down  to  a  white  temper,  the  ratio  of  164  to 
100;  hut  in  this  there  is  a  little  variety,  becaufe  it  is  almoh: 
impoflible  to  enfure  the  fame  degree  of  tempering. 

In  heel  of  inferior  quality  there  is  hill  more  advantage  in 
giving  it  a  greater  degree  of  temper.  The  author  found  bars 
of  German  heel  the  coercive  force  of  which,  when  they  were 
tempered  at  a  cherry  red,  was  to  the  fame  force,  when  brought 
from  a  higher  to  the  fame  temper,  as  34  to  10;  but,  on  the 
other  hand,  this  heel  brought  to  a  white  temper  has  a  di¬ 
redlive  force  much  lefs  than  heel  of  the  Englifh  plates. 

C.  Coulomb  has  read  to  the  clafs  only  this  firtl  part  of  his 
memoir. 

The  fecond  part  is  dehined  to  determine  the  curve  of  the 
magnetic  denhties  and  its  extent  in  bars  of  a  white  temper,, 
in  thofe  brought  back  to  the  hate  pf  fpring,  and  in  thofe 
brought  down  to  white  temper.  The  objedt  of  this  refearch 
is  very  interefting,  either  for  conhrucling  artificial  magnets, 
or  for  lixing  the  hate  and  dimenhons  of  needles  moft  advan¬ 
tageous  for  thofe  employed  in  the  mariner’s  compafs.  The 
author  found,  for  example,  that  when  the  bars  are  very  long 
in  regard  to  their  other  dimenhons,  it  is  of  advantage,  after 
they  are  tempered  almoh  to  a  white,  to  bring  them  back  to 
bl  ue:  for  the  excellent  cylindric  wires  of  heel  ufed  in  com¬ 
merce,  when  magnetized  with  the  hrongelf  magnets,  have  the 
fame  directive  force  whether  they  are  tempered  to  a  white  or 
are  brought  back  to  the  hate  of  blue  fpring  when  their  length 
is  thirty-three  times  their  diameter;  but  if  they  are  much 
longer  than  thirty-three  times  their  diameter  there  is  a  great 
advantage  in  bringing  them  tq  the  hate  of  fpring  j  and  on 
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the  other  hand,  when  their  length  is  much  lefs  than  thirty- 
three  times  their  diameter,  there  is  a  very  great  advantage  in 
tempering  them  white.  The  eaufes  of  thefe  varieties  will  be 
detailed  in  the  fecond  part  of  this  memoir;  and  it  will  there 
be  feen,  lays  the  author,  that  they  only  confirm  theory, 
which  he  has  always  compared  with  experience,  in  the  dif 
ferent  memoirs  pubiifhed  in  the  volumes  of  the  Academy  of 
Sciences  and  thofe  of  the  Inffitute. 


C.  Cuvier,  fecretary,  read  the  following  notice ; 

On  the  Gas  obtained  from  the  Reduction  of  the  Oxide  of  Zinc , 

and  the  Nature  of  Charcoal. 

The  aeriform  fluid  obtained  by  reducing  the  oxide  of  zinc 
by  charcoal  was  (fated  by  C.  Guyton  to  be  a  gafeous  oxide 
of  carbon,  that  is  to  fay,  carbonic  acid  with  excels  of  bale. 
Continuing  to  reafon  on  this  hypothecs,  Guyton  thought 
that  the  fubffance  found  there  in  excels,  being  very  much 
divided  and  weakly  retained,  ought  to  be  very  much  difpofed 
to  exercife  its  affinities,  and  that  it  could  operate  reductions 
eold  and  in  the  wet  way.  Trials,  however,  made  with  folu- 
tions  of  lead,  mercury,  and  filver,  did  not  anfwer  bis  expecta¬ 
tion.  The  gas  experienced  no  alteration  in  thefe  liquors ; 
but  when  put  in  contaft  with  oxygenated  muriatic  acid  there 
was  a  fpontaneous  combuftion,  and  the  gas,  converted  into 
common  carbonic  acid  by  the  accelfion  of  the  oxygen  of  the 
muriatic  acid,  became  capable  of  precipitating  lime  water. 

Berthollet  had  a  peculiar  opinion  in  regard  to  the  manner 
in  which  this  reduction  of  the  oxide  of  zinc  takes  place,  and 
which  he  explained  by  the  compofition  of  common  charcoal, 
which  contains  a  large  quantity  of  hydrogen. 

This  doctrine  he  has  endeavoured  to  ellablifli  by  a  very 
extenfive  difiertation  on  the  nature  of  charcoal,  and  the  dif¬ 
ferent  products  thence  obtained. 

For  this  purpol'e  be  refunied  all  the  labours  of  his  prede- 
ceflbrs  on  charcoal,  and  fubjeited  them  to  a  new  examina¬ 
tion.  He  has  Ihown  that  Lavoifier  was  not  altogether  exa& 
in  his  analyfis  of  the  carbonic  acid,  hecaufe  at  that  period 
he  was  not  well  acquainted  with  the  fpecific  gravity  of  oxygen 
gas,  and  hecaufe  he  did  not  pay  attention  to  the  water,  of 
which  the  carbonic  acid  always  contains  a  great  deal.  He 
brings  forward  the  proofs  which  C.  Monge  gave  of  this  lalf- 
mentioned  fa<5f,  and  has  eifablifhed,  that  common  charcoal 
contains  a  large  quantity  of  hydrogen  and  a  little  oxygen. 
He  has  fliown  that  this  charcoal  ai  {filled  in  a  pneumaio- 
chemical  apparatus  gives  carbonated  hydrogen  gas  only  as 
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lony  as  its;  oxygen  is  not  exhaufted,  becaufe'  a  little  of  th£ 
latter  fuhftance  is  neceffary  to  produce  that  gas,  which  eon- 
fequentlv  is  a  ternary  combination.  The  reftduum  then  con¬ 
tains  only  carbon  and  a  lefs  quantity  of  hvdrogen  than 
ftmple  heat  can  deprive  it  of;  and- the  diamond,  according 
to  Berthoiiet,  differs  from  '-calcined  charcoal  only  by  its  not 
containing  hydrogen,  and  not,  as  Guyton  thought,  becaufe 
the  charcoal  already  contains  oxygen. 

In  regard  to  the  different  combinations  which  contain 
hydrogen  and  carbon,  Berthoiiet  divides  them  into  two 
claffes :  the  ternary,  which  contain  oxygen,  alfo  fuch  as  the 
gas  extricated  from  fugar,  that  obtained  f  rom  metallic  oxides 
with  charcoal,  and  that  which  carbonate  of  barytes  produces 
with  the  fame  fuhftance,  Ike. ;  and  the  binary,  which  contain 
no  oxygen,  as  the  gas  known  under  the  name  of  defying y 
that  extracted  from  alcohol  and  oil,  and,  in  all  probability, 
that  arifing  from  the  deeompofition  of  water  by  charcoal. 
His  method  to  determine  whether  gas  contains  oxygen  or  not, 
is  fimple  and  ingenious.  It  con  lifts  in  general  in  burning 
the  gas,  and  obferving  whether  the  oxygen  it  has  confumed 
during  its  combuftion  has  been  fufficient  to  produce  the 
r-efults.  In  the  contrary  cafe,  the  g as  burnt  muft  have  al- 
ready  contained  a  greater  or  lefs  quantity  of  it. 

Berthoiiet  has-  examined  alio  the  compofttion  of  the  car¬ 
bonic  acid,  not  by  a  direct  method,  but  by  admitting  as  true 
the  proportion  which  heft  eorrefponded  to  all  the  experiments, 
which  his  refearches  required.  100  cubic  inches  of  this 
acid  contain,  according  to  Berthoiiet,  84  cubic  inches  or  43 
grains  of  oxygen,  16  grains  of  carbon,  and  from  9  to  10  grains' 
of  water. 

In  regard  to  the  queftion  which  gave  rife  to  all  this  labour, 
Berthoiiet  conftders  the  gas  refultinc  from  the  reduction  of 
zinc,  as  a  ternary  compound  of  carbon,  oxygen  and  hydrogen,, 
in  the  proportion  of  two  parts  of  hydrogen,  feven  parts  of 
carbon,  and  thirty-two  of  oxygen. 

While  the  French  chemifts  were  difeuffing  this  queftion 
with  fa  much  activity,  it  engaged  the  attention  of  foreigners 
alfo.  Mr.  Cruickftiank  gave  to  the  gas  obtained  the  fame 
name  as  (Suyton,  vi z.  oxide  of  carbon .  He  however  faw 
water  formed  in  all  his  experiments  except  one,  where,  by  the 
nature  of  the  fubftances  employed,  no  more  ought  to  have 
been  produced  than  juft  as  much  as  the  carbonic  acid  pro¬ 
duced  at  the  fame  time  could  ah  for  h  :  thus  the  re  Cults  of  the 
Kngiifti  chemift  vvere,  at  bottom,  the  fame  as  the  iaft  made 
by  Berthoiiet,  though  he  employed  the  denominations  of 
G.uvton. c  '  -  :  -  w . 
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9?  .  TOURDES,  profeffor  in  the  School  of  Medicine  at  Straf- 
burgh,  has  lately  communicated  the  following:  notice  on  this 
fubjed  to  profeffor  Volta: — c<  The  conscience  and  friendfhip 
of  which  you  have  fo  often  given  me  proofs  during  my  red- 
dence  in  Italy,  embolden  me  to  comm unj cate  to  you  the  re- 
fult  of  an  experiment  which  appears  to  me  to  refolve  one  of 
the  mod  difputed  points  of  phyfiolooy, .  that  of  the  vitality  of 
the  blood.  This  liquid  deprived  of  the  ferum,  lymph,  &c.  re¬ 
duced  to  the  fibrous  part,  and  fubjeded  to  your  galvanic  or 
rather  eledric  apparatus,  (for  the  identity  of  the  galvanic 
and  eledric  fluids  have  been  eftablilhed  in  an  incontedable 
manner  by  your  late  re  Searches)  at  the  temperature. of  about 
30  degrees  of  Reaumur,  exhibited  a  trembling  ofcillati-on  and 
palpitation  analogous  to  thofe  experienced  by  flefh  of  animals 
newly  killed  ;  a  doiihle  motion  of  contraction  and  dilatation , 
fenfible  to  the  eye  by  means  of  a  magnifying;  <rlafs  ;  a  charac- 
terifiic  mark  of  the  vital  force  peculiar  to  the  mufcles,  cel¬ 
lular  titTue/’  &c. 

Since  our  lad  publication  fome  intereding  experiments 
have  been  performed  with  the  circuit  of  V olta  that  have  given, 
refults  which,  though  analogous  to  facts  before  known,  were 
equally  new  and  intereding,  and  ferve  to  prove  that  we  are  as 
vet  only  entering  the  threfhold  of  the  inquiry  refpeding  its 
powers,  and  the  purpofes  to  which  it  it  may  hereafter  be  ap¬ 
plicable. 

The  experiments  alluded  to  were  performed  by  the  Af~ 
kefian  Society  on  the  4th  indant,  being  their  fecond  meeting 
for  the  prefent  feflion. 

The  battery  confided  of  two  troughs,  each  containing  60 
plates  of  diver,  and  an  equal  number  of  zinc;  in  all  120 
pairs  of  metallic  plates,  each  a;  inches  fquaite,  or  containing 
3  fl,  fquare  inches  of  furface. 

By  means  of  this  battery  the  Society,  deflagrated  gold  with 
great  facility.  The  gold  in  thin  leaves  was  comieded  with 
one  end  of  the  battery,  and,  on  being  brought  into  con  tad 
with  the  exterior  plate  of  the  other  end  to  complete  the  circuit, 
inftantly  inflamed.  The  eomhuflion  only  went  on  at  thofe 
points  in  which  the  gold  leaf  and  the  plate  were  in  contact, 
and  ceafed  entirely  unieis  the  gold  was  kept  advancing  again  ft 
the  plate,  to  fupply,  by  freflr portions  brought  into  contad, 
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the  place  of  thofe  burnt  away.  It  is  (ingutar  that  no  oxide  of 
refidue  of  any  kind  could  be  di (covered  ;  and  it  is  probable 
that  the  gold  was  volatilized  by  the  fame  heat  that  occasioned 
its  deflagration :  this  point,  however,  is  to  be  further  invef- 
tigated,  when  a  larger  portion  of  gold  will  be  expofed  to  the 
aSion  of  the  Voltaic  circuit,  to  determine  with  certainty 
whether  the  whole,  or  any  part  of  it,  is  converted  into  vapour. 

m  our  number  for  September,  we  mentioned  the  cqmbuf- 
tion  rtf  phofphorus  bv  the  Voltaic  trough,  which  was.effe&ed 
by  putting  a  fmall  piece  on  the  point  of  an  iron  wire,  and 
deflagrating  the  wire  by  bringing  it  in  contact  in  the  circuit. 
By  fimilar  means  the  Society  exploded  gunpowder.  A  fmall 
portion  of  it  was  difpofed  in  the  folds  of  fome  gold  leaf,  which 
was  then  deflagrated  in  the  manner  already  deferibed,  and 
inflamed  the  powder. 

CHEMISTRY. 

A  new  fadt  was  mentioned  at  a  late  meeting  of  the  Britifli 
Mineralogical  Society,  by  Mr.  Sandman,  one  of  the  mem¬ 
bers,  and  an  excellent  chemift.  Some  months  fince,  to  one 
part  of  butter  of  antimony  he  added  five  parts  of  water  r  in- 
ftead  of  an  inftant  precipitation  taking  place,  the  mixture  af¬ 
firmed  the  form  of  a  thickifh  mafs,  of  fuch  a  confiftency,  that 
it  would  not  even  pour  from  the  vefl'el.  After  four  months, 
the  mixture  began  to  clear  itfelf,  and  threw  down  a  quantity 
of  very  white  fmall  cryftals,  fome  of  which  were  laid  before, 
the  Society.  Their  form  could  not  be  accurately  determined, 
but  feemed  to  approach  the  cubic.  Whether  they  be  a  crys¬ 
tallized  oxide,  or  merely  a  muriate  of  antimony,  has  not  yet 
been  afeertained ;  but  the  queflion  is  to  be  inveftigated,  and 
the  experiment  will  be  repeated  on  a  large  fcale. 

The  ingenious  Mr.  Davy,  of  the  Royal  Inflitution  of  Great 
Britain,  has  been  occupied  for  fome  time  in  a  feries  of  expe¬ 
riments  upon  tanning,  which  will  foon  be  laid  before  the 
public.  He  has  tried  a  number  of  woods  and  barks,  befides 
thofe  that  have  been  hitherto  thought  exclufively  adapted  to 
the  purpofe,  and  has  met  with  feveral  that  contain  the  tan¬ 
ning  principle  in  great  quantity.  His  experiments  will  lead 
to  a  great  faving  in  the  expenfe  of  even  oak  bark,  which  it 
has  been  ufual  to  have  picked  and  feparated  from  one  part  of 
the  rind,  which  is  found  to  be,  notwithftanding,  as  rich  in 
tan  as  any  other  part  of  the  bark.  One  circumftance  re¬ 
marked  by  this  chemift  is  curious  :  Acorns  do  not  feem  to 
contain  in  their  natural  Hate  any  portion  of  tan ;  but  after 
being  baked  in  a  heat  *)f  about  21 2°  F.  they  are  found 
to  contain  a  confiderable  quantity.  If  they  be  overbaked, 
they  again  lofe  that  quality. 
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The  fame  cherriift  is  engaged  in  analvfing  the  ink  of  the 
cuttle  lifti.  The  experiments  are  not  fiuifhed,  but  from  the 
progrefs  he  has  made  it  appears  to  be  carbon  held  in  fome 
ftate  of  foliation. 

METEOROLOGY* 

A  phenomenon  was  feen  to  pafs  Batan  fiougO,  on  the 
Miilifiippi,  in  the  latitude  of  31°  north,  on  the  night  of  the 
5th  of  April  1800,  of  which  the  following  is  the  beft  descrip¬ 
tion  we  have  been  able  to  obtain  *  : — It  was  fir  ft  feen  in  the 
fouth-weft,  and  moved  fo  rapidly,  palling  over  the  heads  of 
the  fpe&ators,  as  to  difappear  in  the  north-eaft  in  about  a 
quarter  of  a  minute.  Its  apparent  fize  was  that  of  a  large 
houfe  feventy  or  eighty  feet  long,  and  of  a  form  nearly  re 
fembling  the  annexed  figure  (Plate  V.  fig.  3.) 

It  appeared  to  be  about  200  yards  above  the  furface  of  the 
earth,  wholly  luminous,  but  not  emitting  fparks  ;  of  a  colour 
refembliog  the  fun  near  the  horizon  in  a  cold  froftv  evening, 
and  which  may  be  called  a  crimfon  red.  When  palling  right 
over  the  heads  of  the  fpeclators,  the  light  on  the  furface 
of  the  earth  was  little  fliort  of  the  effect  of  fun-beams, 
though  at  the  fame  time,  looking  another  way,  the  liars 
were  vifible ;  which  appears  to  he  a  confirmation  of  the  opi¬ 
nion  formed  of  its  moderate  elevation. 

In  paffing,  a  confiderable  degree  of  heat  was  felt  by  thofe 
.  who  faw  it,  but  no  ele&ric  fenfation.  Immediately  after  it 
difappeared  in  the  north-eaft,  a  violent  rufliing  noife  was 
heard,  as  if  the  phenomenon  was  bearing  down  the  foreit 
before  it,  and  in  a  few  feconds  after  a  tremendous  crafh, 
limiiar  to  that  of  the  largeft  piece  of  ordnance,  caufing  at  the 
fame  time  a  very  fenfible  earthquake. 

Search  being  afterwards  made  in  the  place  where  the  burn¬ 
ing  body  fell,  every  vegetable  body  was  found  burnt  or  greatly 
fcorched,  and  a  confiderable  portion  of  the  furface  of  the 
earth  broken  up. 

ASTRONOiMV. 

ProfefTor  Bode,  of  Berlin,  has  received  two  letters  from 
M.  Piazzi  of  Palermo,  in  which  that  indefatigable  obferver 
of  the  heavens  declares  that  he  is  now  convinced,  as  profeflbr 
Bode  is,  that  the  ftar  difeovered  on  the  13th  of  January  laft 
is  a  planet,  though  owing  to  the  faintnefs  of  its  light  he  at 
firft  thought  otherwife.  He  adds  aifo,  that  it  will  not  be 
vifible  till  November  f.  The  German  aftronomers  propofe  to 

*  Communicated  in  a  letter  from  XV.  Dunbar,  Efq.  (one  of  the  gentle¬ 
men  employed  in  running  the  line  of  demarcation  between  the  "United 
States  of  America  and  the  Spanifh  fettlcments)  to  Mr.  Swift,  of  Fen- 
church-ftreet. 

f  In  England  the  general  belief  is  that  this  fuppofed  planet  will  turn 
®ut  to  be  a  comer. 

call 
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■call  this  new  planet  Juno,  by  analogy  to  the  name's  of  the 
other  planets  ;  but  M.  Piazzi  wifhes  that  it  Iliould  be  called 
Ceres  Fernandia ,  in  allufion  to  Sicily,  which  is  confecrated 
to  Ceres,  and  to  the  name  of  the  monarch  who  at  prefenfc 
re'urns  over  that  country. 

o 

.  '  STATISTICS. 

The  French  mini  Her  of  the  interior  is  now  employed  in 
collecting  materials  for  a  ftatiftic  defeription  of  France.  .  An 
account  of  fifteen  departments  has  already  been  received, 
feme  of  which  the  mini  her  has  publifhed.  The  names  of 
the  departments,  ref  peeling  which  memoirs  have  been  re¬ 
ceived,  are,  Allier,  Upper  Alps,  Ande,  Cher,  La  Drome, 

I  lie  -et-Vilaine,  Mont-Blanc,  Orne,  Ourthe,  Upper  Saone, 
Two  Sevres,  Tarn,  Var,  Vofges,  and  La  Vendee.  Thefe 
memoirs,  written  by  the  prefects  of  the  different  departments, 
contain  interefting  fadts,  and  curious  details,  refpeCting  the 
different  diftridts  of  France,  and  will  form  the  fir  ft  collection 

pofitive  information  refpedting  the  ftate  of  that  extenfive 
country. 

EARTHaUAKE. 

The  following  are  the  particulars  of  an  earthquake  which 
took  place  at  Bologna,  as  inferibed  in  the  regifters  of  the 
obfervatory,  by  C.  Ciccolini : 

This  morning  (O&ober  8)  at  8  hours  32  minutes  53  fe- 
conds,  the  air  being  calm,  the  fky  overcaft,  and  Reaumur’s 
thermometer  at  13  o  .,  I  felt  three  ftrong  Blocks  of  an  earth¬ 
quake.  The  direction  of  the  firft  was  from  north-eaft  to 
fouth-weft  :  the  undulation  gradually  decreafed,  when  a  fe- 
cond  and  a  third  fhock  were  felt  in  the  fame  direction  as  the 
firft.  Thefe  three  fhocks  were  in  general  taken  to  be  one ; 
but  I  was  able  to  cliftinguifti  them  exactly,  as  they  continued 
half  a  minute;  one  of  the  clocks  in  the  obfervatory  having  j 
Popped,  I  had  the  exadt  time  of  the  earthquake.  Some 
chimneys  were  thrown  down  in  the  city,  one  of  which  had 
almoft  beat  in  the  ceiling  of  an  apartment  where  the  cele¬ 
brated  mathematician  Soladini  lodges  The  remembrance  : 
of  the  earthquakes  which  afflicted  the  city  of  Bologna  a  1  molt 
for  a  whole  year,  in  1779  and  *780,  occafioned  a  general 
confirmation.  It  muff,  however,  be  obferved,  that  the  ftate 
of  the  atmofphe^e  was  very  different  from  what  it  was  at  that 
period,  the  fun  being  then  pale,  the  Iky  continually  obfeureej 
bv  clouds  of  a  lead  colour,  and  the  horzon  darkened  by  very 
thick  togs.  Lightning  frequently  fell,  and. igneous  meteors 
appeared  under  different  forms ;  and  there  were  above  80 
aurorae  boreales.  Nothing  of  the  kind  took  place  during  the  j 
prefent  feafon.  The  earthquake  wras  felt  with  violence  at 
Catene  and  Ceuta.  .  I 
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XXXIV.  On  the  chemical  Knowledge  which  the  Vhilofophers 
of  the  16th  and  i  *jth  Centuries  had  of  the  different  Gafes 

-\/foDERN  chemidry  has  been  of  the  utmoft  fervice  to 
the  fcience  of  nature  in  general,  by  making  us  better  ac¬ 
quainted  with  the  finer  fubdances  of  light,  caloric,  and,  in 
particular,  of  the  gafes  :  but  very  imperfect  would  be  our 
knowledge  of  nature,  very  poor  would  be  our  harveft  of  new 
truths,  and  very  infigniffcant  would  be  our  progrefs  in  our 
refearches  refpebting  nature,  if  we  had  not  reafon,  from  the 
rapid  advance  which  philofophy  has  made  in  modern  times, 
to  flatter  ourfelves  with  the  hopes  of  a  more  accurate  know¬ 
ledge  of  thefe  finer  fubfiances.  We  fliould,  however,  be 
guilty  of  a  very  great  errotf  if  we  afcribed  the  whole  merit, 
of  this  more  accurate  knowledge  to  the  i8th  century;  for, 
though  mod  of  the  philofophers  of  the  two  preceding  cen¬ 
turies  either  overlooked  thefe  kinds  of  gas  altogether,  or  con- 
fidered  them  as  common  air  corrupted  and  deprived  of  its 
elafficity,  yet  fome  of  them  were  more  clear-lighted,  and  pe¬ 
netrated  deeper  into  thefe  feerets  of  nature. 

If  we  pals  over  the  remoteft  traces  which  occur  here  and 
there  in  the  works  of  the  antient  writers,  J.  Baptid  van  Hel- 
mont  feems  to  A  and  at  the  head  of  thofe  more  acute- lighted 
philofophers;  for,  though  it  cannot  be  denied  that  he  dis¬ 
figured  his  valuable  difeoveries  by  numerous  fictions,  •  and 
concealed  them  under  new  and  commonly  barbarous  names, 
which  were  for  the  mod  part  improper ;  yet  he  fird  informed 
phyficians  and  naturalids,  and  proved  clearly  by  obfervations 
and  experiments,  that,  befides  the  air  which  we  continually 
breathe,  there  are  other  fluids,  which,  though  they  approach 
very  near  to  the  air  in  fubtlety,  tranfparency,  and  particularly 
in  eladicity,  yet  differ  from  it  very  much ;  and,  as  they  differ 
alfo  from  vapours,  he  has  didinguifhed  them  by  the  parti¬ 
cular  name  of  gas  f.  He  endeavoured  to  edablifh  the  dif¬ 
ference  between  them  by  this  circumftance — that  as  air  nou- 
rifhes  flame,  thefe  fluids  extinguifh  itj,  and  even  the  vital 
flame  §.  He  was  acquainted  alfo  with  the  air  of  the  cele- 

From  Gdttingifcbes  Journal  cler  NaturwiJJencbaften ,  by  J,  F.  Gmelin, 
yol.  i.  p.  4. 

f  Ortus  Medicinae  j  Amfterdam  1648.  4to.  p.  73. 

X  Ibid.  p.  163. 
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brated  Grotto  del  Cane ,  near  Naples  *,  as  well  as  with  the 
exhalations  in  mines,,  againft  the  pernicious  effeHs  of  which 
Cautions  had  been  given  long  before  his  time  by  Andrew 
Ubavius  f  and  George  Agricola  % ;  and  he  knew  alfo  that 
they  killed  animals  which  had  purpofely  or  accidentally  been 
expofed  to  them,  as  well  as  imprudent  perfons,  and  particu¬ 
larly  miners.  He  was  in  particular  acquainted  with  that  gas 
which  fome,  becaufe  it  inflames  when  it  comes  in  contact 
with  a  burning  body,  call  inflammable  gas,  and  which  others^ 
becaufe  they  confider  it  as  an  eflential  component  part  of 
water,  name  hydrogen  gas ;  and  he  knew  alto  that  it  had 
been  obferved  before  him  in  mines  by  Libavius :  he  con¬ 
vinced  himfelf  that  even  eructations  were  of  the  fame  na¬ 
ture,  and  that  it  formed  a  principal  component  part  of 
fmoke:  he  likewife  confidered  flame  to  be  only  inflamed 
fmoke  §.  His  knowledge,  however,  was  not  confined  to  this 
gas  alone,  for  under  the  name  of  gas  JylveJlre  he  was  ac¬ 
quainted  with  nitrous  gas,  produced  by  the  adlion  of  aqua¬ 
fortis  when  filver  is  diffolved  in  it  jj;  and  he  knew  alfo,  that 
when  it  came  in  contadt  with  the  atmofphere  it  formed  fiery 
red  vapours. 

He  was  well  acquainted  alfo  with  the  muriatic  acid  gas  % 
for  what  cl fc  could  he  underhand  by  that  gas  into  which,  to* 
ufe  his  own  exprefffonsf,  fal-ammoniac  and  aquafortis  were 
converted  when  mixed  together  and  made  luke-warm?  He 
knew  likewife  the  fulphurous  acid  gas  ;  for  he  fought  in  it, 
as  a  component  part  of  the  vapour  of  burning  fulphur,  the 
reafon  why  that  vapour  extinguifhes  a  lighted  candle  or  taper 
when  expofed  to  it. 

He  had  become  acquainted  alfo,  different  ways,  with  that 
gas  which  fhows  itfelf  in  air  in  which  various  bodies,  and 
particularly  coals,  have  been  burnt**;  and  on  that  account 
he  had  given  it  the  name  of  coal  gas ;  though  he  had  feen 
abundance  of  it  in  various  places,-  and  accompanying  other 
phaenomena,  both  in  living  human  bodies,  as  for  example  in 
belching  f  t*  and  on  a  larger  fcale,  as  in  wine  and  beer  cel¬ 
lars.  and  during;  the  effervefcence  of  different  fubftances  when 
acids  were  poured  upon  them  Jf,  in  the  Grotto  del  Cane  and 

:Ti  Ortus  Medicinae,  p.  no.  163.  615. 

-f-  Coimntntat.  Metallic.  Franeof.  ad  Meen.  1^97.  4to.  p.  297. 

t  De  Natura  eorum  quae  effiuunt  ex  terra. 

§  Commentat.  Metallic,  ut  fupra,  p„'42i.  414.84. 

j|  De  Aquis  Stygiis,  ut  fupra,  p.  615.  424. 

fff  Ortus  Medicinae,  p.  413. 

ibid.  p.  1 10.  106. 110.  405,  406 — 437  1  Tumulus  peftis,  p.  55: 
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other  iubterranean  places  *;  arid  particularly  in  acid  waters* 
from  which  it  rifes  in  bubbles,  and  they  are  indebted  to  it,  he 
fays,  for  all  their  healing  qualities  f .  He  remarks  alfo  of  this 
gas  % ?  that,  as  it  extinguifhes  the  flame  of  a  lamp  or  taper,  it 
extinguifhes  alfo  the  flame  of  life.  He  proved,  by  a  very 
fimple  experiment  §,  that  the  volume  as  well  as  the  goodnefs 
of  air  is  leffened  by  bodies  burning  in  it;  for,  having  placed 
a  burning  taper  under  a  glafs  in  i'uch  a  manner  that  it  flood 
three  inches  above  the  water  in  the  veffel,  he  faw  the  water 
rife,  airtime  the  place  of  the  decreafing  air,  and  at  length 
extinguifh  the  taper. 

He  had  obferved  alfo  that  an  air  could  be  produced  from 
nitre,  which  he  called  flame  gas ,  and  which  was  difen- 
gaged  on  coal  being  added  to  it  || ;  and  he  thence  conjedtured 
the  prefence  of  vital  air  in  that  fait.  He  entertained  alfo  the 
opinion,  which  modern  chetniftry  has  fupported  by  fo  many 
conclufive  proofs,  that  all  thefe  air-like  fluids^-  are  indebted 
for  their  form  to  the  effects  of  fire,  or,  as  we  commonly  fay 
at  prefent,  to  caloric.- 

It  cannot,  however,  be  denied,  that  Van  Helmont  confi- 
dered  as  different  gafes  thofe  which  differ  only  by  accidental 
corruption,  as  the  carbonic  acid  gas,  according  as  it  is  drawn 
from  this  or  that  body,  and  in  this  or  that  manner;  and  that 
he  confounded  others,  or  did  not  make  a  proper  diftindtion 
between  them.  Yet  before  Prieftley,  mold  of  the  philofo- 
phers  who  paid  attention  to  this  fubjedt,  made  no  other  dif¬ 
ference  between  thefe  kinds  of  gas,  than  that  fome  of  them 
inflame  when  brought  into  contadt  with  a  burning  body, 
while  others  inftantly  extinguifh  a  flame. 

Van  Helmont  fufpedled  alfo,  as  appears  clearly  from  his 
own  words,  the  great  fimilarity  which,  in  regard  to  air,  is 
found  between  flame  and  animal  life.  This  was  more  clearly 
perceived  by  Thomas  Willis  **  and  Francis  Svlvius  de  le 
Boe  ff,  a  man  whom  few  have  equalled  in  genius  or  elo¬ 
quence ;  for  the  latter  fays,  that,  as  flame  requires  more  air 
than  the  quietly  glowing  fire  of  coal,  in  the  like  manner 

*  Ortus  Medicine, 
f  De  Lithiafi,  c.  iv.  p.  34. 
t  Ortus  Medicinae,  p.  163. 

-§  Ibid.  p.  84. 

}j  Ibid.  p.  423. 
f]  Ibid.  p.  72. 

-T  r  Aifedhionum  quae  dicuntur  hyftericse  et  hypochondriacs  Pathologia 
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breathing  animals  which  breathe  through  real  lungs  have 
need  of  more  air  than  thofe  which  merely  evaporate,  that  is  to 
fav?  than  fuch  was  have  no  evident  and  real  lungs ;  and  as, 
in  general,  a  (1  rouge r  fire  requires  a  fironger  draught  of  air 
than  a  weaker,  in  the  like  manner  a  more  afitive  life  requires 
quicker  breathing,  and  a  more  fluggifii  a  flower :  as  air  adls 
differently  on  flame  according  as  it  is  more  or  lefs  clear,  warm, 
or  dry,  in  the  like  manner  it  a6fs  upon  breathing  and  the 
vital  flame:  and,  in  the  lafl:  place,  as  flame  burns  more 
brifkly  according  as  it  has  free  accefs  to  the  air  on  all  fides, 
and  is  weaker  when  the  air  is  withheld,  and  is  at  length  to¬ 
tally  ex tingui filed,  breathing  is  expofed  to  the  fame  effects 
under  the  like  circumftances. 

This  Sylvius  proved  nothing  by  experiments,  but  he  made 
it  probable,  according  to  his  manner,  that  fourifh  particles, 
of  nitre*  floated  about  in  the  common  atmofphere;  and 
approached  fo  near  to  the  prevailing  principles  of  the  prefent 
day  f,  that  he  fuppofed  fire  (or  caloric)  was  continually  dif- 
fufed  through  the  air. 

The  celebrated  Spanifli  mineralogift  Alphonfo  Barba  was 
acquainted  with  thofe  pernicious  damps  which  arife  fo  often 
in  mines,  and  which,  though  they  referable  air  in  other  re- 
fpe£ts,  have  however  an  offfenfive  frnell,  extinguifh  lights* 
and  deprive  men,  birds,  and  even  fnakes,  of  their  life  f. 

Boyle,  to  whom  natural  philofophy  in  general  is  under  fo 
many  obligations,  afcribed  that  mcreafe  of  weight  which 
metals  acquire  by  calcination §,  as  he  had  frequently  obferved, 
rather  to  the  fire  than  to  particles  from  the  atmofphere,  and 
was  therefore  very  remote  from  that  opinion  which  prevails 
in  the  prefent  century,  and  which  is  fupported  by  fo  many 
experiments;  but  lie  was  at  the  fame  time  acquainted  with 
the  carbonic  acid  gas  as  it  riles  from  coral,  when  it  effervefces 
with  vinegar,  from  bread,  cherries,  grapes,  pears,  apricots, 
plums,  goofeberries,  peas,  &c.  when  they  ferment ||,  and 
its  highly  pernicious  effedts  on  animals ;  as  alfo  with  the  in¬ 
flammable,  as  it  partly  occurs  in  abundance  in  many  mines, 
for  example,  thole  of  Hungary^,  partly  as  it  arifes  by  a  fo- 
lution  of  iron  in  diluted  fulphuric  acid  or  muriatic  acid  **, 

*  Praxis  Medicinae,  lib.  i.  c.  21.  §  iix. 

*j-  Ibid.  lib.  iii.  c.  11.  §  47. 

J  Bergbiichlein,  Frankf.  1726.  part  i.  c.  2.  p.  5 — 3. 

§  Detett.  penetrabilit.  vitr.  p.  296,  297. 

}|  Second  continuation  of  Phyfico-mechanical  Experiments,  art.  ii, 
exp.  11.  art.  iii.  exp.  1.  7.  10,  11.  art.  v.  exp.  1,  2.  13. 

Examinat.  of  AntiperiftafiSj  Oper.  b.  ii.  p.366. 

Nova  Experiment  Phyfico-mechanica  de  Vi  Aeris  elaftica,  p.  152— - 
154:  New  Experiments  touching  the  Relation  betwixt  Flame  and  Air, 
Oper.  b.  iii.  p.  2 55,  25C. 

and 
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and  its  property  of  inflaming  when  brought  into  contact  with 
flame. 

The  latter  as  a  highly  pernicious  kind  of  gas,  abundant  in 
coal-pits,  is  mentioned  by  Martin  Lifter,  Jeflop,  and  P.  R. 
Moflyn;  and  a  fire  which  took  place  in  a  coal-pit  by  the 
inflammation  of  fuch  vapour  is  mentioned  by  Hodglon  *  ;  a 
like  vapour  was  found  by  Beaumont  in  other  fubterranean 
holes  f;  by  T.  Shirley  J  above  a  fpring,  and  Wolfftriegel  and 
Vollgnad  §  in  a  fpring.  Pope,  in  the  firft  volume  of  the 
Philofophical  Tranfadfions,  gave  a  very  lively  picture  of  that 
corrupted  kind  of  gas  in  a  hole  near  the  lake  of  Agnano ;  and 
L.  A.  Portius  ||  and  Leonhard  a  Capua  that  of  the  Grotto 
del  Cane  and  other  caverns  in  the  neighbourhood  of  Naples; 
E.  Hagendorn  '*  *  and  F.  Hoffmann,  the  dangerous  quality 
of  air  in  which  coals  have  been  burnt  ft ;  and  T.  Birch,  that 
of  air  which  has  been  corrupted  by  the  breath  of  animals  ff. 
S.  Ledelius  mentions  the  death  of  a  perfon  which  took  place 
in  a  cellar  filled  with  wine  in  a  ftate  of  fermentation  §§.  This 
gas,  as  it  rifes  both  from  fermenting  liquids  as  well  as  from 
lixivious  falts  and  earths,  when  they  eflervefce  with  acids,  and 
in  which,  even  at  his  time,  Bernoulli  fought  for  the  caufe  of 
this  effervefcing  HI),  was  perfectly  well  known  to  fir  Chrifto- 
pher  Wrenf^f.  He  relates  a  method  by  which  fuch  fluids 
can  be  colledfed  and  preferved  in  veflels ;  and  he  knew  that 
•the  above  gas  is  abforbed  by  water,  and  he  diftinguifhes  it 
very  clearly  from  nitrous  gas.  Even  the  nitrous  gas  of  the 
moderns  feems  to  have  been  known  to  Huygens  and  Papin, 
for  they  relate  ##*  that  they  obtained  fuch  a  fluid  from  the 
mixture  of  fpirit-of  wine  and  fpirit  of  nitre  under  the  receiver 
of  an  air-pump. 

*  Philofophical  Tran  factions,  vol.  x.  1675,  no.  ii7-p.  391,  &c.  Ibid, 
no.  1 1 9 .  p.  450.  Ibid.vol.xii.1677.no.  136.  p.  S95.  Ibid.  vol.  xi.  1676. 
no.  134. 

f  Hooke’s  Philofophical  Collections,  1679.  4t0«  n°.  T- 

d  Philofophical  Tranfabtions,  vol.  ii.  1667.  no.  25. p.  482. 

§  Mifcellan.  Acad.  Cad’.  Natur.  Curiof  4to.  dec.  1,  Lipf.  1670.  obfervat. 
xxxiii.  an.  a  &  5.  Francof.  &  Lipf.  1676.  obfervat.  clxxi. 

j!  Lilferration.  Variar.  Venet.  1 683.  ii, 

Lezioni  intorno  alia  Natura  delle  Moftte  ;  Napol.  1683.  4to. 

■••• Obfervat.  et  Hiftoriar.  Medico-prabticar.  rarior.  Centur.  tres ;  Ru- 
cloHt.  &  Goerliz.  1698.  8vo. 

ft  Bedenken  von  dem  tbdlichen  Dampfe  der  Holzkohlen ;  Halle  1716, 
Svo. 

++  Hiftory  of  the  Royal  Society  of  London  for  the  Improvement  of 
Natural  Knowledge  5  London,  4to.  vol.  ii.  1668. 

§§  Ephemerid.  Acad.  Caefar.  Nat.  Curiof  dec.  iii.  an.  2.  obf.  45. 

jlf!  Diilertatio  de  Etfervef.  et  Fermentatione ;  Rafik  1690.  4to. 

Philofophical  Tranfabtions,  vol.  x.  1675.  P-  44^*  ***'  Ibid. 
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At  the  fame  period,  F.  Slare  and  T.  Willis  afcribed  *  the 
dark  red  colour  of  the  blood  to  the  air;  and  J.  Mayowf, 
another  Englifhman,  with  whom  another  Oxford  phyflcian, 
Henry  Mund  |,  and  alfo  Willis  §,  L.  M.  Barbieri,  and 
J.  B.  Giovanni  ||,  concurred,  made  the  whole  ufe  of  breathe 
ing  to  confifl  in  this — that  the  lungs  of  animals  inhale  from 
the  atmofphere  nitrous  particles,  which  are  diftufed  over  the 
animal  fpirits  and  communicate  warmth  to  the  blood. 
J.  N.  Pechlin alfo,  attributes  the  faculty  of  fome  divers 
being  able  to  remain  longer  under  water  to  a  greater  quan¬ 
tity  of  nitre.  From  all  this  it  appears  that  the  phyficians  of 
that  period  had  a  kind  of  idea  of  vital  air,  and  its  influence 
on  the  animal  ceconomy. 

Stephen  Hales,  who  made  further  progrefs  by  his  nume¬ 
rous  experiments  in  difcovering  the  feerets  of  nature,  placed 
beyond  all  doubt,  by  a  long  feries  of  experiments,  the  elafti- 
city  of  thefe  fluids  as  they  are  expelled  from  bodies  by  heat, 
fermentation,  corruption,  and  effervefcence,  a  power  which 
was  before  obferved  by  Newton  *.*,  and  at  the  fame  time 
fhowed  feveral  and  ingenious  methods  ff  how  they  could  be 
obtained,  preferved,  meafured,  weighed,  and  even  handled. 
He  remarked  the  inflammability  of  thofe  which  the  inflam¬ 
mable  bodies  of  every  kingdom  of  nature  yield  by  expofure 
to  a  flrong  heat,  the  properties  of  others  which  arife  from 
effervefcing  mixtures,  and  which  fuddenly  extinguish  flame.  . 
He  obferved  likewffe,  exceedingly  well,  the  great  difference 
of  the  nitrous  gas  which  he  obtained  when  he  poured  upon 
antimony  aqua  regia ,  or  fpirit  of  nitre  ;  or  the  latter  diluted 
with  water  [aquafortis]  upon  iron  filings  or  quick-fllver,  and 
its  property  of  forming  red  clouds  with  common  air  as  foon 
as  it  comes  in  contabl  with  it ;  and,  by  repeated  experiments, 
that  it  abforbed  a  great  portion  of  air ;  and  alfo,  that  the 
oftener  the  experiment  was  repeated,  the  gas  always  abforbed 
the  lefs  air;  that  feveral  of  thefe  gafes  were  abforbed  by 
water;  how  much  the  beft  air  is  corrupted  by  the  breath¬ 
ing  of  even  the  founded:  men,  fo  that  at  tail  it  is  totally 

*  Philofophicat  Tranfaftions  for  1682,  no.  204.  Ibid.  p.  92 — 94. 

f  Traftatus  quinque  Medico-phyfici ;  Oxon.  1699.  8vo*  n0*  n 

+  Bio^pr,~oXe.ytcc ;  Oxon.  1680.  8vo. 

§  Phiioioph.  Tranfabt.  ut  lupra. 

j|  Spiritus  Nitro  A^rii  Operationes  in  Microcofmum ;  Bonom 
121T0.  DiiTertation,  fur  la  Fermentation  fur  le  Nitre  et  fur  l’Air ;  Tou- 
loufe  1685.  1 2  mo. 

qj  De  Aeris  et  Alimenti  Defeftu ;  Kilon.1676.  8vo. 

**  Optics;  London  1701.  4to. 

ff  Statical  Effays ;  London,  Svo.  third  edit.  1783.  vol.  i.  c.  6.  and 
voi.  ii,  p,  315.  3  ? 7. 
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unfit  for  refpi ration.  He  knew  alfo  the  ammoniacal  as  well 
as  the  muriatic  acicl  gas,  and  the  fulphuric  acid  gas,  and 
had  learned,  from  his  own  experience,  that  the  latter  can 
be  as  ftrongly  compreffed  as  common  air.  He  knew  alfo 
that  metals  increafe  in  weight  bv  calcination,  and  air  a  in 
decreafe  on  being  revived;  for  he  found  that  red  lead  in  the 
preparation  had  increafed  in  weight  about  a  twentieth  part, 
and  by  a  ftrong  heat  gave  a  great  deal  of  air :  his  own  ex¬ 
perience  had  taught  him  alfo  that  phosphorus,  fulphur,  and 
a  tallow  candle,  abforb  fome  of  the  air  in  which  they  burn, 
as  animals  abforb  fome  of  the  air  in  which  they  breathe ; 
though  he  aferibed  the  pernicious  change  which  the  air 
thereby  experiences,  not  to  the  lofs  it  fuftains,  but  rather 
to  the  corrupt  evaporation  with  which  it  is  filled.  He 
had  obferved,  though  lefs  perfectly,  that  phofphorus  after 
combuftion  increafed  in  weight  by  imbibing  fomething 
from  the  atmofphere.  He  had  difeovered  that  an  aeri¬ 
form  fubftanee  was  contained  in  acidulous  waters,  and 
that  air  was  continually  abforbed  by  plants  in  a  healthy 
Hate  *. 

In  this  difficult  doCtrine,  however,  he  left  a  great  deal  to 
be  explained  by  his  followers;  for  he  did  not  define  and  was 
not  acquainted  with  the  difference  of  litany  of  the  gafes,  and 
fome  of  them  efcaped  his  notice  altogether.  The  further  illuf- 
tration  of  them  was  referved  for  the  modern  chemifts.  Thus, 
in  particular,  the  following  authors  have  very  much  contri¬ 
buted  to  .enlarge  our  knowledge  of  the  caffbonic  acid 
Dr.  Black  in  Medical  and  Philofophical  Commentaries,  by 
a  Society  in  Edinburgh,  vol.  ii.;  Dr.  Macbride  in  Experi¬ 
mental  Effays  on  Medical  and  Philofophical  Subjects,  Lon¬ 
don  1764.  8vo ;  T.  Henry  in  his  Experiments  and  Obferva- 
tions,  London  1773.  8vo.;  T.  And.  Emmer  in  Differ t atio  de 
A'ere  ffxo  feu  Acido  dsreo ,  Edin.  1784;  and  the  Dutch 
naturalift  D.  De  Smedt  in  D'iffertatio  de  Acre  ffxo,  Ultraj. 
1 773.  8vo.  Among  the  Germans,  N.  J.  Jacquin  in  Examen 
Cbemicum  DoClrina '  JVL eyeriarus  de  Acido  plngul ,  et  Blacki- 
arue  de  Aere  fflxo  refpeiiu  Caleb,  Vindob.  1769..  8vo;  and 
the  late  J.  J.  Well,  in  his  Defence  of  Dr.  Black’s  DoCtrine 
refpeCting  fixed  Air,  again  ft  the  Objections  made  by  Wieg- 
leb,  Vienna  1771.  8vo.;  and  on  The  Caufes,  of  the  heating 
of  unflaked  Lime,  Vienna  1772.  8vo.  Among  the  Ita¬ 
lians,  F.  F.  Fontana  in  his  Phyfical  Refearches  reflecting 
fixed  Air,  Florence  1774.  8vo.  In  Swifferland,  Sol.  Schinz 
in  De  Aere ,  ejus  Specie  bus,  prtecipue  de  Aire  ffxo  Lapidis 
calcar  el,  Turjc,  1778.  410.;  and  in  Sweden,  T,  Bergman  in 

Statical  Effays  paffim. 
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De  Acido  derio  Opufcula  Phyflca  et  Chemica ,  vo],  i. 
p.  i,  &c.  The  lad-mentioned  chemid  lliowed  alto,  in  his 
treatife  De  Analyfl  Aquarum  in  his  Opufcula ,  vol.  i.  p.  68, 
as  did  in  England,  Brownrigg  in  the  Philofophical  Tranfac- 
tions,  vol.  Ixiv.  part  2.  no.  39  ;  and,  in  France,  Venel  in 
Memoires  prefentes  a  V  Academic  des  Sciences  a  Paris  par  divers 
Savans ,  vol.  ii.  that  it  is  to  this  acid  that  acid  waters  are 
principally  indebted  for  their  properties  ;  fo  that  feveral  che¬ 
mical  authors,  fuch  as  Bergman  De  Aquis  medicatis  frigidis 
arte  parandis,  in  his  Opufcula ,  vol.  i.  art.  6.  p.  1865  Vend 
in  the  work  above  quoted;  Rouelle  in  Boux’s  Journal  do 
Medecine ,  Chirurgie ,  &c.  for  May  1774  ;  Duehanoy  EJJ'ai 
d'miiter  les  Eaux  Miner  ales ,  Paris  1780.  8vo. ;  Tangier 
Mineralogie  nouvelle ,  011  V  Art  de  faire  les  Eaux  Miner  ales. 
Sens  1786.  8vo.;  Meyer,  apothecary  to  the  court  at  Stettin, 
in  the  Tranfadioqs  of  the  Friendly  Society  of  the  Searchers 
into  Nature  of  Berlin,  vol.  iv.  1781.  p.  313;  and  the  late 
profeiTor  Kohl  in  in  his  Method  of  imitating  the  Water  of 
Acid  Springs  by  Means  of  fixed  Air,  Stuttgard  1780.  8vo., 
have  defcribed  the  procefs  by  which  they  can  be  exceedingly 
well  imitated. 

With  the  like  care  and  ingenuity  the  following  writers 
have  examined  the  nature  of  the  inflammable  kinds  of  gas  : — r 
Volta  Lettere  full ’  Aria  inflammahile  delle  Paludi ,  Milan 
1777  ;  Senebier  Recherches  analytiques  fur  la  Nature  de 
V Air  inflammable ,  Geneva  1784.  8vo.;  Minkelers  Memoire 
fur  V Air  inflammable  de  differ entes  Subjlances ,  Louvain  1784, 
8vo. ;  Molcheni  Effame  inlorno  alia  Natura  e  Proprieta  dell * 
Aria  inflammahile  paludofa ,  Lucca  1788;  Lalfone  in  Me¬ 
moir  es  de  V Academic  des  Sciences  a  Paris  for  the  year  1766; 
Kirwan,  Philofophical  Tranfadlions,  vol,  lxxvi,  1786.  part  i. 
Gengembre  ill  Memoires  prefent  s  a  V Academic  des  Sciences 
par  divers  Savans  Etrangers,  vol.  x.;  Raymond  Annales  de 
Chimie ,  vol.  x.  1791.  p.  19  ;  Nieuwland,  Deiman,  Trooftwyk, 
and  Bondt,  Recherches  Vbyjico-chymiques ,  Amfterd.  8vo.  3792, 
no.  1.  The  three  lad,  together  with  Lauremburg,  examined 
the  different  kinds  of  inflammable  o-as.  See  Crell’s  Chemical 

•  •  CD 

Annals  1795*  vol.  ii.  p.  195.  31Q,  430;  and  1796.  vol.  ii, 
p.  310  and  222. 

Refpeding  the  common  nitrous  gas,  we  have  the  following 
works  : — Fontana  Recherches  phyfiques  fur  la  Nature  de  V Air 
nitreux  et  de  V Air  dephogifliqnc ,  Paris  1776.  8vo. ;  count 
Morozzo  Lettre  fur  la  Compofltion  du  Gas  mephiticque  et  du 
Gas  nitreux ,  Turin  1784.  8vo. ;  refpedting  Priedley’s  fo 
called  dephlogi Cheated  nitrous  air,  Bochaute  in  Memoires 
de  V Academic  des  Sciences  a  Bruxelles  1783;  and  Deiman, 
Bondt,  Nieuwland,  and  Trooflwyk,  'Recherches  Phyfico-chy - 
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uniques ,  no.  2.  1793  ;  refpe&ing  azote,  profeffbr  Schmidt  in 
Gren’s  Journal  or  Natural  Philofophy,  vol.  i.  no.  3  ;  and 
Wiegleb  in  Crell’s  Chemical  Annals,  1796,  vol.  ii.  p.  467; 
refpecling  the  inflammable  muriatic  acid  gas,  Wefirumb  in 
Crell’s  Annals  1790,  vol.  i.  p.  3.  100. 

But  this  new  field  in  the  province  of  natural  knowledge 
has  been  cultivated  in  a  more  extenfive  manner  by  the  fol¬ 
lowing  authors  : — In  Italy,  Barbarigo  in  his  Saggi  Fifici , 
Padova  L779.  8vo. ;  F.  Fontana  in  Memorie  di  Matematica 
e  Fijica  della  Societa  Italiana ,  Verona,  4to.  vol.  i.  1782; 
Bucci  OJferv axiom  circa  il  Flogiflo  e  l e  diff  er ente  Specie  d’ Aria 
fecondo  le  moderne  Scoperte ,  Pavia  1783.  8vo. ;  and  Volta  in 
Propofixioni  ed  Efperienxe  di  Aerologia ,  Como  5776.  In 
France,  by  Berthollet  in  Obfervations  fur  V Air ,  Paris  1776. 
!2mo.  ;  Bucquet  in  M,  moires  prefent  s  a  l’ Academic  des 
Sciences  a  Paris  par  divers  Savans,  vo\.  vii.;  Corrinus  Differt . 
fiflens  Hifloriam  Aeris  fadtitii,  Argentor.  j  77 6.  4m. ;  De  la 
Metherie  EJJ'ai  analytique  fur  V Air  pur  et  les  dijfe  rentes 
Ffpeces  d*  Air,  Paris  1785.  8vo.  ;  Bouland  Tableau  hflorique 
des  Proprietes  et  des  Phsnotnenes  de  V Air,  confidere  dans  fes 
differ ens  Etats  et  /bus  fes  divers  Rapports ,  Paris  1784.  8vo.  5 
Sigaud  de  la  Fond  Ejf  'ai  fur  differ entes  Ef paces  d’  Air,  qu’ on 
defigne  fous  le  Nom  d’ Air  fixe,  Paris  1778.  8vo.  j  and  Thou- 
venel  Memoir  e  Chimique  et  Medicinal fur  la  Nature,  les  Ufagcsy 
et  les  Ejfets  de  V  Air,  et  des  Airs,  des  Alimens,  et  des  Medica - 
mens,  relativ ement  a  V  Economic  Animale ,  Ouvrage  couronne 
par  ly Acad.mie  de  Touloufe  1778,  Paris,  4 to.  In  England, 
the  anonymous  author  of  a  Treatife  on  the  various  Kinds  of 
permanently  elaflic  Fluids  or  Gafes,  1777*  8vo ;  P.  Plunket 
Differtat.  de  Acre  Mepbitico ,  Edin.  1779;  Cavallo  on  the 
Nature  and  Properties  of  Air;  Cavendifh  in  the  Philofophical 
Tranfadlions,  vol.  lvi;  and  Higgins’s  Experiments  and  Ob- 
fervations  relating  to  acetous  Acid,  fixable  Air,  denfe  in¬ 
flammable  Air,  &c.  London  1786.  8vo.  In  the  Nether¬ 
lands,  P.  Von  Trooltwyk  and  Dei  man,  Antvu.  op  de  Vraage ? 
Wielke  xyn  de  waarlyck  onderfeheidene  Soorten  der  luchtgely - 
kende  Vloeifloffen ,  &c.  Haarlem  1786.  8vo.  And  in  Ger¬ 
many,  Achard  in  Npuveaux  Memoir es  de  /’ Acad,  des  Sci¬ 
ences  a  Berlin,  r  7  8 1 ;  Herbert  De  Aere  Fluidifque  ad  Aeris 
Genus  per tinentib us,  Vienn.  1780.  8vo. ;  Leonhardi  Program . 
Aerologies  phy/tco-chemicee  recentioris  primes  Linece,  Lipf.1781 ; 
and  Weber  Ueber  genuine  und  durch  Aufiojung  aus  K'orpern 
entwickclte  Lift,  Landfhut  1785.  8vo. 

'  But  among  the  philofophers  who  have  endeavoured  to  ex¬ 
plain  and  illuftrate  the  nature  of  thefe  gafes  by  numerous 
experiments,  made  with  great  eare,  and  accurately  deferibed, 

none 
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none  have  diffinguifhed  themfelves  more  than  ScheeTe  and 
Dr.  Prieftley.  The  former  a  native  of  Germany,  but  fettled 
In  Sweden,  invented  very  fimple  proceffes,  yet  well  calcu¬ 
lated  to  anfwer  the  propofed  end,  for  examining  thefe  gafes, 
by  which  means  he  difcovered  new  kinds,  and  proved  the 
exiftence  of  thofe  already  known  in  a  much  clearer  method 
than  had  been  done  before  in  his  Ahhandlung  von  der  Fuji 
imd  dem  Feuer  nebfl  einem  Vorbericht  von  T.  Bergman ,  Upfal' 
and  Leipfic  1777.  8vo. ;  and  in  Kongl.  Svenjk.  Vetenfkap. 
Academ .  Handlings  1774*  P*  84.  The  latter,  being  fumifhed 
with  a  more  extenfive  apparatus,  placed  in  a  clearer  point  of 
view,  not  only  the  nature  and  differences  of  the  gafes  before 
difcovered,  but  difcovered  new  ones  alfo.  An  account  of  his 
experiments  may  be  feen  in  Experiments  and  Ob  fer  vat  ions 
on  the  different  Kinds  of  Air,  London,  8vo.  vol.  i.  1774, 
vol.  ii.  1775,  v°l>  ll1,  1 7 7 7  >  Experiments  and  Obfervations 
relating  to  various  .Branches  of  Natural  Philofophy,  with  a 
Continuation  of  Obfervations  on  Air,  8vo.  vol.  i.  London 
3779,  vol.  ii.  Birmingham  1782,  vol.  iii.  1790;  Directions 
for  impregnating  Water  with  fixed  Air,  8rc.  London  1772, 
8vo,;  Philofophicai  TranfaCtions  of  the  American  Society 
1796. 


XXXV.  An  Account  of  fame  Galvanic  Combinations ,  formed 
by  the  Arrangement  of  jingle  Metallic  Plates  and  Fluids , 
analogous  to  the  new  Galvanic  Apparatus  of  Mr.  Volta. 
By  Mr.  Humphry  Davy,.  Ledurer  on  Chemiftry  in  the 
Moyal  Inf  itution  *. 

I.  t\.LL  the  galvanic  combinations  analogous  to  the  new 
apparatus  of  Mr.  Volta,  which  have  been  heretofore  deferibed 
bv  experimental  ids,  confift  (as  far  as  my  knowledge  extends) 
of  feries  containing  at  leaf!  two  metallic  fubftances,  or  one 
metal  and  charcoal,  and  a  ftratum  of  fluid.  And  it  has  been 
generally  fuppofed  that  their  agencies  are,  in  lome  meafure, 
connected  with  the  different  powers  of  the  metals  to  conduct 
electricity.  But  I  have  found  that  an  accumulation  of  gal¬ 
vanic  influence,  exactly  fimilar  to  the  accumulation  in  the 
common  pile,  may  be  produced  by  the  arrangement  of  Angle 
metallic  plates,  or  arcs,  with  different  ftrata  of  fluids. 

The  train  of  reasoning  which  led  to  the  difeovery  of  this 
fact,  was  produced  by  the  obfervation  of  fome  phenomena 
relating  to  the  connection  of  chemical  changes  with  the  evo¬ 
lution  of  galvanic  power. 

•  *  From  drcmjatliws  of  the  Royal  Society  of  London  for  1801. 
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It  appeared,  in  feveral  experiments,  that  feries  of  double 
metallic  plates,  incapable  of  acting  as  galvanic  combinations, 
when  arranged  in  the  proper  order,  with  portions  of  water, 
were  readily  made  to  produce  galvanic  effects,  by  being  al¬ 
ternated  with  acids,  or  other  fluids  capable  of  oxidating  one 
only  of  the  metals  of  the  feries.  Thus,  double  plates,  cora- 
pofed  of  diver  and  gold,  (metals  which  have  been  fuppofed 
to  differ  very  little  in  their. powers  of  conducting  eleCtricily,) 
produced  galvanic  aCtion,  when  placed  in  contact,  in  the 
common  order,  with  cloths  moiftened  in  diluted  nitric  acid. 
And  copper  and  {liver  aCted  powerfully  with  nitrate  of  mer¬ 
cury. 

j 

Thefe  faCts  induced  me  to  fuppofe,  that  the  alternation  of 
two  metallic  bodies  with  fluids,  was  effential  to  the  produc¬ 
tion  of  accumulated  galvanic  influence,  only  l’o  far  as  it  fur- 
nifhed  two  conducting  fur  faces  of  different  degrees  of  oxida- 
bility;  and  that  this  production  would  take  place,  if  fingle 
metallic  plates  could  be  connected  together  by  different  fluids 
in  fuch  a  manner,  that  one  of  their  furfaces  only  (hould  un¬ 
dergo  oxidation,  the  arrangement  being  regular. 

On  this  fuppofition,  I  made  a  number  of  experiments  on 
different  arrangements  of  fingle  metals  and  fluids;  and,  aftex*' 
many  various  proceffes,  I  was  enabled  to  afeertain,  that  many 
of  thefe  arrangements  could  be  made  aCtive,  not  only  when 
oxidations,  but  likewife  when  other  chemical  changes  were 
going  on  in  fome  of  their  parts. 

In  deferibing  the  different  galvanic  combinations  formed 
by  fingle  metallic  plates  and  fluids,  I  {ball  divide  them  into 
three  elaffes,  following,  in  the  arrangement,  the  order  of 
time  with  regard  to  dilcovery. 

II.  The  firfl  and  mofl  feeble  clafs  is  compofed,  whenever 
fingle  metallic  plates,  or  arcs,  are  arranged  in  fuch  a  manner, 
that  two  of  their  furfaces,  or  ends  oppofite  to  each  other,  arc 
in  contaCt  with  different  fluids,  one  capable,  and  the  other 
incapable,  of  oxidating  the  metal.  In  this  cafe,  if  the  feries 
are  numerous,  and  in  regular  alternation,  galvanic  influence 
will  be  accumulated,  analogous,  in  all  its  effeCts,  to  the  in¬ 
fluence  of  the  common  pile. 

Tin,  zinc,  and  fome  other  eafily  oxidable  metals,  aCt  moft 
powerfully  in  this  clafs  of  combinations. 

If  pieces  of  polifhed  tin,  about  an  inch  fquare  and  of 
an  inch  thick,  be  connected  with  woollen  cloths  of  the  fame 
fize,  (moiftened,  fome  in  water,  and  fome  in  diluted  nitrous 
acid,)  in  the  following  order — tin,  acid,  water,  and  fo  on, 
till  twenty  feries  are  put  together- — a  feeble  galvanic  battery 
will  be  formed,  capable  of  aCting  weakiy  on  the  orgaqs  of 
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fcnfe,  and  of  flowly  producing  the  common  appearances  in 
water;  the  wire  from  the  oxidating  furface  of  the  plates 
evolving  hydrogen,  and  the  wire  from  the  non- oxidating 
furface  (when  of  fiver)  depofiting  oxide. 

In  all  cafes,  when  the  batteries  of  the  firfd  clals  are  eredd-ed 
perpendicularly,  the  cloth  moiftened  in  acid  muft  be  placed 
under  the  cloth  moiftened  in  water;  and,  in  this  arrange¬ 
ment,  as  the  acid  is  fpecifically  heavier  than  water,  little  or 
aa  mixture  of  thfe  fluids  will  take  place. 

When  zinc  is  employed,  on  account  of  its  rapid  oxidation  in 
water  containing  atmofpheric  air,  three  cloths  Ihoukl  be  ufed  ; 
the  firft  moiftened  in  weak  folution  of  fulphuret  of  potafh, 
(which  is  poffeflfed  of  no  power  of  action  upon  zinc,  and 
which  prevents  it  from  acting  upon  the  water;)  the  fecond 
moiftened  in  a  folution  of  fulphate  of  potafh,  of  greater  fpe- 
ciftc  gravity  than  the  folution  of  fulphuret;  and  the  third 
wetted  in  an  oxidating  fluid  fpecifically  heavier  than  either 
of  the  folutions.  In  this  cafe,  if  the  order  be  as  follows — 
^inc,  oxidating  folution,  folution  of  fulphate  of  potafh,  fo¬ 
lution  of  fulphuret  of  potafh — very  little  mixture  of  the  fluids, 
or  chemical  addion  between  them,  will  take  place ;  and  an 
^idfernation  of  twelve  feries  of  this  kind  forms  a  battery  ca¬ 
pable  of  producing  fenfible  effects. 

III.  The  fecond  clafs  of  galvanic  combinations  with  fingfe 
plates  is  formed,  when  plates,  or  arcs,  compofed  of  a  me¬ 
tallic  fubftance  capable  of  adding  upon  fulphurated  hydrogen, 
or  upon  fulphurets  diffolved  in  water,  are  formed  into  feries, 
with  portions  of  a  folution  of  fulphuret  of  potafh  and  water. 
In  fuch  a  manner,  that  one  fide  of  every  plate,  or  arc,  is  in 
contadl  with  water,  whilft  the  cppofite  fide  is  added  on  by 
the  folution  of  fulphuret.  Under  thefe  circumflances,  when 
the  alternation  is  regular,  and  the  number  of  feries  fuffi- 
ciently  great,  galvanic  power  is  evolved  ;  and  water,  placed  in 
the  circuit  with  fiiver  wires,  is  added  on  ;  oxide  being  depa¬ 
rted  on  the  wire  cormedded  with  the  fide  of  the  plate  under¬ 
going  chemical  alteration,  whilft  hydrogen  is  evolved  from 
the  fide  in  contadd  with,  water. 

Silver,  copper,  and  lead,  are  each  capable  of  forming  this 
erombination.  Plates  made  from  either  of  thofe  metals  may 
/be  arranged  with  cloths,  (moiftened,  fonie  in  water,  and 
others  in  folution  of  fulphuret  of  potafh,)  in  the  following 
order- — metal,  cloth  moiftened  in  fulphuret  of  potafh,  cloth 
moiftened  in  water,  and  io  on. 

Eight  feries  wiiS  produce  fenfible  effedds ;  and  the  wire 
from  the  top  of  the  pile  produces  oxide. 


Copper 
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Copper  is  more  active,  in  this  clafs  of  batteries, -than  filver  j 
and  filver  more  adtive  than  lead. 

IV.  The  third  and  molt  powerful  clafs  of  galvanic  batte¬ 
ries,  conftrudted  with  fluids  and  Angle  metals,  is  formed 
when  metallic  -fubftanoes  oxidable  in  acids,  and  capable  of 
a&ing  on  folutions  of  fulphurets,  are  conneded,  as  plates,, 
with  oxidating  fluids  and  folutions  of  fulphuret  of  potafh,  in 
fuch  a  manner,  that  the  oppofite  fides  of  every  plate  may  be 
undergoing  different  chemical  changes ;  the  mode  of  alter¬ 
nation  being  regular. 

The  fame  metals  that  a 61  in  the  fecond  clafs  may  be  11  fed 
in  the  third  clafs;  and  the  order  of  their  powers  is  firniiar* 
The  pile  may  he  erected  in  the  fame  manner  as  the  pile  with, 
zinc  in  the  fir  ft  clafs;  the  cloths  moiftened  in  acid  being 
feparated  from  thofe  moiftened  in  folution  of  fuiphuret  by  a. 
third  cloth  foaked  in  folution  of  fulphate  of  potafh. 

Three  plates  of  copper  or  filver,  arranged  in  this  manner, 
in  the  juft  order,  produce  fenfible  effects ;  and  twelve  or 
thirteen  feries  are  capable  of  giving  weak  (hocks,  and  of 
rapidly  producing  gas  and  oxide  in  water;  the  wire  connected, 
with  the  oxidating  end  of  the  apparatus  evolving  hydrogen; 
and  the  wire  attached  to  the  end  aching  on  the  fuiphuret, 
depofiting  oxide  when  compofed  of  filver,  and  generating 
oxygen  when  of  gold. 

V.  In  all  the  Angle  metallic  piles  conftruded  with  cloths, 
the  action  is  very  trail  lien  t :  the  decompofition  of  the  acids, 
and  qf  the  fulphurets,  is  generally  completed  in  a  few  mi¬ 
nutes;  and,  in  confequence,  the  galvanic  influence  ceafes  to 
be  evolved.  The  arrangement  of  all  the  different  feries  mav. 

V  * 

however,  (by  means  of  an  apparatus  conftruded  after  the 
ideas  of  count  Kumford,)  be  made  in  fuch  a  manner  as  to 
give  conflderable  permanency  to  their  die  els.  This  appa¬ 
ratus  is  a  box,  covered  with  cement  incapable,  of  conducing 
eledrieity,  and  compofed  of  three  pieces  of  mahogany,  each 
containing  grooves  capable  of  receiving  the  edges  of  the  dif¬ 
ferent  plates  proper  for  compofing  the  feries.  One  half  of 
thefe  plates  11111ft  be  compofed  of  horn  or  glafs,  and  the  other 
half  of  metallic  fubftances;  and  the  conductors  of  eledricity, 
and  the  non-conductors,  mu  ft  be  alternately  cemented  into 
the  grooves,  fo  as  to  form  water-tight  cells. 

When  the  apparatus  is  ufed,  thefe  cells  tare  filled,  in  the 
galvanic  order,  with  different  folutions,  according  to  the  clafs 
of  the  combination  ;  and  conneded  in  pairs  with  each  other, 
by  flips  of  moiftened  doth,  carried  over  the  non- conducing 
plates, 

4-  combination  of  fifty  copperplates,  arranged  in  this  man¬ 
ner. 
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Ber,  with  weak  folutions  of  nitrous  acid,  or  nitrate  of  am¬ 
moniac,  and  fulphuret  of  potafti,  gives  pretty  ftrong  (hocks, 
rapidly  evolves  gas  from  water,  and  affects  the  condenfing 
electrometer. 

It  does  not  lofe  its  power  of  aCtion  for  many  hours ;  and, 
when  this  power  is  loft,  it  may  be  reftored  by  the  addition 
of  fmall  quantities  of  concentrated  folutions  of  the  proper 
chemical  agents  to  the  fluids  in  the  different  cells. 

From  two  experiments  made  on  copper  and  ftlver,  it  would 
appear,  that  the  fingle  metallic  batteries  a£l  equally  well, 
when  the  metals  made  ufe  of  are  flightly  alloyed,  and  when 
they  are  in  a  ftate  of  purity. 


XXXVI.  Experiments  on  the  chemical  Production  and  Agency 
of  Electricity.  By  William  Hyde  Wollaston, 
M.D.F.R.S.*  r 

M  otwith  standing  the  power  of  Mr.  Volta’s  ele&rie 
pile  is  now  known  to  be  proportional  to  the  difpofition  of 
one  of  the  metals  to  be  oxidated  by  the  fluid  interpofed,  a 
doubt  has  been  entertained  by  many  perfons,  whether  this 
power  arifes  from  the  chemical  aCtion  of  the  fluid  on  the 
metal;  or,  on  the  contrary,  whether  the  oxidation  itfelf  may 
not  be  occaftoned  by  eledfricity,  fet  in  motion  by  the  contact 
of  metals  that  have  different  condu&ing  powers. 

That  the  oxidation  of  the  metal  is  the  primary  caufe  of 
the  eleCtric  phenomena  obferved,  is,  I  think,  to  be  inferred 
from  the  following  experiments,  which  exhibit  the  galvanic 
procefs  reduced  to  its  moft  ftmple  ftate. 

Exper.  i.  If  a  piece  of  zinc  and  a  piece  of  fiver  have  each 
one  extremity  immerfed  in  the  fame  veiTel,  containing  ful- 
phuric  or  muriatic  acid  diluted  with  a  large  quantity  of  water, 
the  zinc  is  diflolved,  and  yields  hydrogen  gas,  by  decom- 
pofition  of  the  water :  the  ftlver,  not  being  aCled  upon,  has 
no  power  of  decompoftng  water;  but,  whenever  the  zinc  and 
ftlver  are  made  to  touch,  or  any  metallic  communication  is 
made  between  them,  hydrogen  gas  is  alfo  formed  at  the  fur- 
face  of  the  ftlver. 

Any  other  metal  befide  zinc,  which  by  abidance  of  the 
acid  employed  is  capable  of  decompoftng  water,  will  fuc- 
ceed  equally,  if  the  other  wire  confifts  of  a  metal  on  which 
the  acid  has  no  efifeCt. 

Exper .  2.  If  zinc,  iron,  or  copper,  are  employed  with  gold, 

*  From  the  fame. 
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in  dilute  nitric  acid,  nitrous  gas  is  formed,  in  the  fame  man¬ 
ner,  and  under  the  fame  circumftances,  as  the  hydrogen  gas 
in  the  former  experiment. 

Exper.  3 .  Experiments  analogous  to  the  former,  and  equally 
fimple,  may  alio  be  made  with  many  metallic  folutions.  .  !£, 
for  inltance,  the  folution  contains  copper,  it  will  be  precipi¬ 
tated  by  a  piece  of  iron,  and  appear  on.  its  furface.  Upon 
filver  merely  inimert  I  in  the  lame  folution,  no  fuch  effect  is 
produced ;  but  as  loon  as  the  two  metals  are  brought  into 
contact,  the  filver  receives  a  coating  of  copper. 

In  the  explanation  of  tbefe  experiments,  it  is  neceffary  to 
advert  to  a  point  eft&blifhed  by  means  of  the  eleCtric  pile. 

We  know  that  when  water  is  placed  in  a  circuit  of  con¬ 
ductors  of  electricity,  between  the  two  extremities  of  a  pile, 
if  the  power  is  fufficient  to  oxidate  one  of  the  wires  of  com¬ 
munication,  the  wire  connected  with  the  oppofite  extremity 
affords  hydrogen  gas. 

Since  the  extrication  of  hydrogen,  in  this  infiance,  is  feet* 
to  depend  on  electricity,  it  is  probable  that,  in  other  in- 
fiances,  electricity  may  be  alfo  requifite  for  its  Gonvcrfion 
into  gas.  It  would  appear,  therefore,  that  in  the  folution  of 
a  metal,  eleCtricity  is  evolved  during  the  action  of  the  acid 
upon  it;  and  that  the  formation  of  hydrogen  gas,  even  in  that 
cafe,  depends  on  a  tranfition  of  electricity  between  the  fluid 
and  the  metal. 

We  fee,  moreover,  in  the  firfi  experiment,  that  the  zinc, 
without  contaCf  of  any  other  metal,  has  the  power  of  decom- 
pofing  water ;  and  we  can  have  no  reafon  to  fuppofo  that  the 
contact  of  the  filver  produces  any  new  power,  but  that  is. 
ferves  merely  as  a  conductor  of  eleCtricity,  and  thereby  occa- 
fions  the  formation  of  hydrogen  gas. 

In  the  third  experiment  alfo,  the  iron  by  itfelf  has  the 
power  of  precipitating  copper  by  means,  I  prefume,  of  elec¬ 
tricity  evolved  during  its  folution,;  and  here  like  wife  the 
filver,  by  conducting  that  eleCtricity,  acquires  the  power  of 
precipitating  the  copper  in  its  metallic  ftate. 

The  explanation  here  given  receives  additional  confirma¬ 
tion  from  comparative  experiments  which  I  have  made  with 
common  eleCtricity  ;  for  it  will  be  feen  that  the  fame  transfer 
of  chemical  power,  and  the  fame  apparent  reverfion  of  the 
nfual  order  of  chemical  affinities  in  the  precipitation  of  copper 
by  filver,  may  be  effected  by  a  common  electrical  machine. 

The  machine  with  which  the  tbl lowing  experiments  were 
conducted,  confifts  of  a  cylinder  7  inches  in  diameter*  with 
a  conductor  on  each  fide  16  inches  long  and  3  h inches  dia- 
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meter,  each  furnifhecl  with  a  Aiding  eledlrometer  to  regulate 
the  ftrength  of  the  fpark  received  from  them. 

Exper.  4.  Having  a  wire  of  fine  filver,  of  an  inch  iri 
diameter,  I  coated  "the  middle  of  it,  for  2  or  3  inches,  with 
fealing-wax,  and,  by  cutting  through  in  the  middle  of  the 
wax,  expofed  a  fedtiort  of  the  wire.  The  two  coated  extre¬ 
mities  of  the  wire,  thus  divided,  were  immerfed  in  a  folution 
of  fulphate  of  copper  placed  in  an  eledtric  circuit  between 
the  two  conductors;  and  fparks,  taken  at  -/o  °f  an  di- 
Aance,  were  palled  by  means  of  them  through  the  folution. 
After  100  turns  of  the  machine,  the  wire  which  communi¬ 
cated  with  (what  is  called)  the  negative  conductor  had  a  pre¬ 
cipitate  formed  on  its  furface,  which,  upon  being  burnifhed, 
was  evidently  copper  ;  but  the  oppofite  wire  had  no  fuel! 


coating. 


Upon  reverfing  the  direction  of  the  current  of  electricity, 
the  order  of  the  phenomena  was  of  courfe  reverfed ;  the 
copper  being  Aiortly  recliAolved  by  abidance  of  the  oxidating 
power  of  positive  electricity,  and  a  limilar  precipitate  formed 
on  the  oppofite  wire. 

Exper.  5.  A  fimilar  experiment  made  with  gold  wires  T-Jo 
of  an  inch  diameter,  in  a  folution  of  corrofive  fublimate, 
had  the  fame  fuccefs. 

The  chemical  agencv,  therefore,  of  common  electricity  is 
thus  proved  to  be  the  fame  with  the  power  excited  by  che¬ 
mical  means;  but,  fince  a  difference  has  been  obferved  in 
the  comparative  facility  with  which  the  pile  of  Volta  decom- 
pofes  water,  and  produces  other  effects  of  oxidation  and  de¬ 
oxidation  of  bodies  expofed  to  its  adtion,  I  have  been  at  fome 
pains  to  remove  this  difficulty,  and  can  at  lead  produce  a 
very  clofe  imitation  of  the  galvanic  phenomena  by  common 
electricity. 

It  has  been  thought  neceffary  to  employ  powerful  ma¬ 
chines  and  large  Leyden  jars  for  the  decompofition  of  water; 
but,  when  I  confidered  that  the  decompofition  muff  depend 
on  duly  proportioning  the  ftrength  of  the  charge  of  electricity 
to  the  quantity  of  water,  and  that  the  quantity  expofed  to  its 
action  at  the  furface  of  communication  depends  on  the  extent 
of  that  furface,  I  hoped  that,  by  reducing  the  furface  of  com¬ 
munication,  the  decompofition  of  water  might  be  effected  by 
fmaller  machines,  and  with  lefs  powerful  excitation,  than 
have  hitherto  been  ufed  for  that  purpofe;  and  in  this  hope 
I  have  not  been  disappointed. 

Exper.  6.  Having  procured  a  fmall  wire  of  fine  gold,  and 
given  it  as  fine  a  point  as  I  could,  I  inferted  it  into  a  capil- 
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iary  glafs  tube  ;  and,  after  heating  the  tube  fo  as  to  make  it 
adhere  to  the  point,  and  cover  it  in  every  part,  I  gradually- 
ground  it  down,  till,  with  a  pocket  lens,  I  could  dilcern  that 
the  point  of  the  gold  was  expofed. 

The  luccefs  of '  this  method  exceeding  expectations,  I 
coated  feveral  wires  in  the  fame  manner,  and  found,  that 
when  fparks  from  the  conductors  before  mentioned  were 
made  to  pafs  through  water,  by  means  of  a  point  fo  guarded, 
a  ipark  palling  to  the  diftance  of  ~  of  an  inch  would  decom- 
pofe  water,  when  the  point  expofed  did  not  exceed  of  an 
inch  in  diameter.  With  another  point,  which  I  efti mated 
at  TTT^,  a  fucceffion  of  fparks,  do  °f  an  inch  in  length,  af¬ 
forded  a  current  of  fmall  bubbles  of  air. 

I  have  fince  found  that  the  kune  apparatus  will  decompofe 
water  with  a  wire  of  an  inch  diameter,  coated  in  the 
manner  before  defcribed,  if  the  fpark  from  the  prime  con¬ 
ductor  palfes  to  the  diftance  of  T4^  of  an  inch  of  air. 

Exper .  7.  In  order  to  trv  how  far  the  ftrength  of  the  elec¬ 
tric  fpark  might  be  reduced  by  proportional  diminution  of 
the  extremity  of  the  wire,  I  palfed  a  folution  of  gold  in  aqua 
regia  through  a  capillary  tube,  and,  by  heating  the  tube, 
expelled  the  acid.  There  remained  a  thin  film  of  gold  lining 
the  inner  furface  of  the  tube,  which,  by  melting  the  tube, 
was  converted  into  a  very  fine  thread  of  gold,  through  the 
fubftance  of  the  glafs. 

When  the  extremity  of  this  thread  was  made  the  medium 
of  communication  through  water.  I  found  that  the  mere 
current  of  eleCtricity  would  oecafion  a  ftream  of  very  fmall 
bubbles  to  rife  from  the  extremity  of  the  gold,  although  the 
wire,  by  which  it  communicated  with  the  pofitive  or  nega¬ 
tive  conduClor,  was  placed  in  abfolute  contaCt  with  them. 
Hence  it  appears  that  decomnofition  of  water  may  take  place 
by  common  eleCtricity  as  well  as  by  the  eleCtric  pile,  although 
no  difcernible  fparks  are  produced. 

The  appearance  of'  two  currents  of  air  may  alfo  be  imitated 
by  occafioning  the  eleClricity  to  pafs  by  fine  points  of  com¬ 
munication  on  both  fides  of  the  water;  but,  in  faCt,  the  re- 
femblance  is  not  complete ;  for,  in  every  way  in  which  I 
have  tried  it,  I  oblerved  that  each  wire  gave  both  oxygen 
and  hydrogen  gas,  inftead  of  their  being  formed  feparately, 
as  by  the  eleClric  pile. 

I  am  inclined  to  attribute  the  difference  in  this  refpeCf  to 
the  greater  intenfity  with  which  it  is  neceflary  to  employ 
common  eleClricity;  for,  that  pofitive  and  negative  electricity, 
fo  excited,  have  each  the  fame  chemical  power  as  they  are 
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obferved  to  have  in  the  electric  pile,  may  be  afcertained  by- 
other  means. 

In  the  precipitation  of  copper  by  filver,  an  inftance  of  de¬ 
oxidation  (or  pblogiftication)  by  negative  electricity  has  been 
mentioned  :  the  oxidating  power  of  pofitive  electricity  may 
be  alfo  proved  by  its  effebt  on  vegetable  blue  colours. 

Exfer.  8.  Having  coloured  a  card  with  a  ftrong  infufion 
of  litmus,  I  palfed  a  current  of  elebtric  fparks  along  it,  by 
means  of  two  fine  gold  points,  touching  it  at  the  difiance  of 
an  inch  from  each  other.  The  effect,  as  in  other  cafes,  de¬ 
pending  on  the  f  mallnefs  of  the  quantity  of  water,  was  m oft 
dilcernible  when  the  card  was  nearly  dry.  In  this  ftate,  a 
very  few  turns  of  the  machine  Were  fufticient  to  occafion  a 
rednefs  at  the  pofitive  wire,  very  manifeft  to  the  naked  eye. 
The  negative  wire,  being  afterwards  placed  on  the  lame  fpot7 
foon  reftored  it  to  its  original  blue  colour. 

By  Mr.  Volta’s  apparatus,  the  fame  effebts  are  produced 
in  much  lefs  time. 

Befide  the  fimilarity  which  has  thus  been  traced  between 
the  effects  of  electricity  excited  by  the  common  machine  and 
thofe  obfefved  from  the  elebtric  pile,  I  think  it  appears  alio 
probable  that  thev  originate  from  the  fame  fource. 

With  regard  to  the  latter,  its  power  is  now  known  to  de¬ 
pend  on  oxidation;  fo  abb  does  the  excitement  in  the  former 
appear  very  much  to  depend  on  the  fame  procefs  ;  for, 

Exper.  9.  I  have  found,  that  by  ufing*an  amalgam  of  filver 
or  of  platina,  which  are  not  liable  to  be  oxidated,  I  could 
obtain  no  electricity.  An  amalgam  of  tin,  on  the  contrary, 
affords  a  good  degree  of  excitement.  Zinc  acts  ft  ill  better;  but 
the  heft  amalgam  is  made  with  both  tin  and  zinc,  a  mixture 
which  is  more  eafily  oxidated,  than  either  metal  feparately. 

Exfer.  10.  But,  as  a  further  trial  whether  oxidation  aftifis 
in  the  production  of  elebtricity,  I  mounted  a  fmall  cylinder, 
with  its  eufhion  and  conductor,  in  a  veflel  fo  contrived  that 
]  could  at  pleafure  change  the  contained  air. 

After  trying  the  degree  of  excitement  in  common  air,  I 
fubftituted  carbonic  gas,  and  found  that  the  excitement  was 
immediately  deftroyed,  but  that  it  returned  upon  readmiffton 
of  atmofpheric  air. 

In  conformity  to  this  hypothecs,  we  find  that  the  metal 
oxidated  is,  in  each  cafe,  in  a  fimilar  ftate  of  electricity ;  for 
the  eufhion  of  the  machine,  by  oxidation  of  the  amalgam 
adhering  to  it,  becomes  negative;  and,  in  the  fame  manner, 
zinc  oxidated  by  the  accumulated  power  of  an  elebtric  pile, 
or  limply  by  abtion  of  an  acid,  is  alfo  negative. 

This 
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This  fmiilarity  in  the  means  by  which  both  electricity  and 
galvanifm  appear  to  be  excited,  in  addition  to  the  refemblance 
that  has  been  traced  between  their  effects,  {hows  that  they 
are  both  effentially  the  fame,  and  confirms  an  opinion  that 
has  already  been  advanced  by  others,  that  all  the  differences 
thfcoverable  in  the  effects  of  the  latter,  may  be  owing  to  its 
being  lefs  intenfe,  but  produced  in  much  larger  quantity. 


XXXVII.  On  the  Prefenfation  which  Animals  have  of 
Changes  in  the  Weather .  By  Dr.  F.  A.  A.  Meter,  at 
Gottingen  *. 

1  SFIQlffLD  only  repeat  what  has  been  already  long  known, 
if  I  fnould  attempt  to  prove  that,  by  the  great  enlargement 
of  our  knowledge  refpedting  the  natural  hiflory  of  foreign 
animals,  by  means  of  various  learned  travellers,  we  are  now 
enabled  to  explain,  to  the  fatisfadtion  of  the  judicious  natu- 
ralift,  many  phenomena  which  occur  among  indigenous 
animals.  The  fenfations  which  take  place  in  animal  bodies 
before  a  change  of  weather,  which  animals  exprefs  by  va¬ 
rious  external  appearances,  and  which,  without  taking  part 
in  the  difpute  whether  animals  are  endowed  or  not  with 
fouls,  may  be  called  a  prefenfation ,  feem  however  to  require 
confiderable  explanation.  1  am  well  aware  that  it  will  be 
impoffible  for  me  to  explain  things  which  have  not  as  yet 
been  perfedlly  explained  by  men  of  the  greater!  knowledges 
but  I  am  convinced  that  every  thing  which  can  contribute 
to  the  illuftration  of  an  obfeure  fubjeef  deferves  to  be  fub- 
mitted  to  a  proof,  aqd  that  it  is  of  ufe  to  communicate  even 
fingle  obfervations  on  points  concerning  which  fy  {terns  can¬ 
not  be  formed  till  after  the  expiration  of  centuries.  Con* 
fidering  the  fuhject  in  this  point  of  view*  I  prefent  the  fol¬ 
lowing. 

Prefenfation  may  be  admitted  under  three  heads:—!.  The' 
prefenfation  which  animals  have  of  dry  fair  weather.  I!,  The 
prefenfation  which  animals  have  of  rainy  weather.  HI.  The 
prefenfation  which,  animals  have  of  fformy  weather. 

What  regards  the  two  iirff  claffes  of  the  prefenfation  of 
animals  is  taken  from  the  Gottingen  Pocket  Almanac  for 
the  year  1779,  ed'ltor  °f  which,  as  is  well  known,  was 
at  that  period  eounfellor  Lichtenberg.  In  that  work  I  found 
the  moll  authentic  obfervations  of  the  iateft  writers  collected 
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together.  The  obfervations  refpe&ing  the  third  clafs  I  col¬ 
lected  mvfelf. 

Fir  ft,  then,  refpedling  the  prefenfation  which  animals  have 
of  fair  dry  weather. 

Clear,  dry  weather  generally  follows  after  wet  weather, 
when  the  atmofphere  has  been  freed  from  the  vapours  col¬ 
lected  in  it  by  their  falling  to  the  earth  in  rain.  Clouds 'as 
well  as  rain  are  the  means  by  which  the  air  frees  itfelf  from 
the  eleCtric  vapours  that  are  continually  arifing;  and  if  thefe 
again  fall  down,  it  appears  very  natural  that  animals,  which 
live  chiefly  in  the  open  air,  fhould  exprefs,  by  various  ex¬ 
ternal  movements,  the  eafe  with  which  they  breathe,  and 
perform  all  the  vital  functions.  From  this  principle  it  feenis 
not  difficult  to  explain  the  following  obfervations : 

The  fluttering  of  bats  in  the  evening,  beetles  flying  about 
on  the  highways,  and  the  {porting,  of  gnats  towards  funfet, 
require  no  explanation.  I  Avail  only  remark,  what  is  already 
well  known  to  every  obferver,  that  this  prefenfation  is  highly 
ufeful  to  bats  as  well  as  to  infeCts.  Every  {bower  of  rain 
would  render  it  impoffible  for  them  to  fly,  as  their  wings 
are  not  fecured  by  any  oily  matter  againft  moifture :  they 
would  therefore  he  rendered  much  heavier  by  rain,  and  unfit 
for  flying,  and  they  could  not  be  fo  ealily  placed  again  in 
folds,  which,  confidering  the  ftruCfure  of  thefe  animals,  is 
abfolutely  neceflary,  as  when  they  have  remained  dry. 

The  fame  principle  feems  to  be  applicable  to  the  high 
flight  of  larks  and  {wallows,  which  perhaps  haften  to  the 
upper  regions  of  the  atmofphere  becaufe  they  are  freer  from 
vapours  and  more  fuited  to  them,  and  becaufe  the  lower  re*- 
gions,  being  more  loaded  with  vapours,  afford  them  lefs  plea* 
lure  than  thofe  above.  The  infeCfs  alfo  which  they  purfue 
for  food  take  then,  perhaps,  a  higher  flight. 

The  croaking  of  the  green  water-frog  in  ponds  I  cannot 
fufficiently  explain  ;  hut  it  feems  to  exprefs  the  pleafurc 
arifing  from  the  greater  quantity  of  infeCfs  then  flying  about, 
and  which  they  can  catch  with  more  eafe  and  convenience. 
But  clear  dry  weather  is  not  fo  agreeable  to  frogs  as  the  re- 
turn  of  warm  weather.  II  they  make  a  noife  in  the  time  of 
cold  rain,  warm  dry  weather  will  follow.  But  if  the  dry 
weather  proceeds  from  raw  winds,  and  if  warmth  and  rain 
fucceed,  their  noife  may  foretel '  rain ;  and  therefore  Lin¬ 
naeus's  rule  fra  (licit  fluviam  will  lofe  nothing  of  its  truth. 
He  feems  fo  much  the  more  to  be  right,  as  more  raw  than 
warm  dry  days  take  place  ill  the  climate  of  Sweden.  I  have, 
to  my  great  inconvenience^  experienced  the  truth  of  his  affer- 
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tion,  on  journeys  which  I  was  under  the  neceffity  of  conti¬ 
nuing  for  feveral  davs. 

O  j 

That  the  weather-fifh  *  ( colitis  fqffilis)  leaves  the  water 
quite  pure  during  dry  weather,  and  the  green  frogf  fits  at 
the  top  of  the  glafs,  may  proceed  from  the  lighter  or  heavier 
ftate  of  the  atmofphere,  particularly  as  the  latter  is  remark¬ 
ably  fond  of  cleanlinefs  and  moderately  pure  air. 

The  affembling  of  ravens  in  the  fields,  and  the  tinging  of 
-the  wood-pigeon,  may  be  eafily  accounted  for  from  the  above 
principles. 

I  have  never  feen  birds  in  good  weather  drefs  their  fea¬ 
thers  with  oil  from  their  fat  glands,  in  order  to  fecure  them 
■from  rain ;  but  I  have  obferved  many  do  fo  when  the  atmo¬ 
fphere  was  overcaft,  and  when  there  was  an  appearance  of 
rain.  I  fliould  therefore  include  this  circumltance  in  the 
following  clafs,  did  not  experience  admit  alfo  of  another  ex¬ 
planation,  viz.  that  the  birds,  from  the  atmofphere  becoming 
lighter,  hope  for  the  fpeedy  arrival  of  dry  weather,  and  there¬ 
fore  anoint  them felves,. and  fecure  their  feathers  from  moifture, 
that  they  may  be  able  to  fly  higher  than  ufual  with  the  lefs 
impediment.  If  the  laft  explanation  ought  not  to  be  alto¬ 
gether  rejected,  as  I  do-mot  think  it  can,  we  mav  admit  of 
this  ohfervation  ;  efpecially  as  all  the  experience  of  men 
worthy  of  belief  allows  of  no  reafoning  to  be  brought 
again!!  it. 


The  expreffion  of  animals  which  fhow  a  prefenfation  of 
rainy  weather  may  be  explained  partly  from  the  increafing 
weight  of  the  atmofphere,  partly  from  their  manner  of  living, 
and  partly  from  the  want  of  moifture  which  is  neceflary  to 
their  exi  hence. 

The  reftleflhefs  of  domeflie  cattle  may  proceed  from  many 
cauies.  It  is  known  that  the  atmofphere  in  fummer,  before 
rain  falls,  is  generally  heavier,  on  account  of  the  eledlric 
vapour  that  arifes.  The  infedts  which  infeft  cattle,  and 
which  mark  this  heavinefs,  become  then  more  numerous, 
and,  getting  into  the  flails  where  the  cattle  are  kept,  torment 
them  and  make  them  reftlefs.  The  afeending  vapour  has 
alfo  perhaps  fome  influence  on  the  (kins  of  thefe  animals, 
which  ceafes  when  the  earth  does  not  fuffer  fo  much  vapour 
to  efcape  as  before ;  or  the  air,  too  ftrongly  charged  with 
electricity,  excites  in  them  an  unpleafant  fenfation;  It  in- 


;'r  So  calied  becaufe  kept  in  Germany  to  foretel  changes  of  the  weather. 
When  the ‘weather  is  fine  they  continue  quiet,  but  before  a  ftorm  or  rain 
are  very  reftlefs. — Edit. 

+  This  animal,  though  very  common  in  many  parts  of  Europe,  is  not 
found  in  England.—  Edit. 
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deed  appears  ftrange  to  explain  the  fame  phaenomenon  from 
two  perfectly  oppofite  cairfes,  a  want  and  an  excels  of  electri¬ 
city  ;  but  we  know  cafes  of  the  like  kind  in  medicine,  fuch,  for 
example,  as  that  where  the  cramp  and  deep  produces  atonia. 
People  who  have  wounds  or  old  ulcers  feel,  on  a  change  of 
weather,  a  contraction  and  burning  in  thofe  parts;  and  why 
fhould  not  fuch  affections  take  place  in  animals  ? 

All  thefe  grounds  taken  together  will  be  fufficient,  in  my 
opinion,  to  explain  wrhy  horfes  and  afles  rub  themfelves, 
ihake  their  heads,  and  fnuff  the  air  by  turning  up  their  notes; 
why  alfes  bray  much,  and  jump  about ;  why  cattle  fcrape  up 
the  earth,  and  damp  with  their  feet;  and  why  fwine,  though 
not  hungry,  eat  greedily  and  dig  up  the  earth  a  great  deal 
with  their  fnouts.  The  reftleffhefs,  running  about,  icraping 
with  the  feet,  and  eating  grafs,  among  dogs ;  and  moles 
continually  throwing  up  the  earth,  can  ail  be  deduced  from 
the  fame  ;  as  well  as  the  cats  dr-effing  themfelves. 

I  have  remarked  that  cocfs  crow  on  every  change  or 
weather,  befdcs  at  the  ufual  time.  They  as  well  as  pigeons 
h aften  to  their  places  of  (heller  in' order  to  be  fecured  againft 
the  rain,  the  approach  of  which  thev  muft  be  fenfible  of,  by 
the  continually  increafing  weight  of  the  atmofphere.’ 

The  caufe  of  fowls,  pigeons,  quails,  and  other  birds,  waffl¬ 
ing  themfelves,  appears  to  me  to  be  a  certain  heat  or  itching, 
which  they  with  by  thefe  means  to  remove. 

Swallows,  in  all  probability,  take  a  low  flight  on  the  ap¬ 
proach  of  rainy  weather,  becaufe  the  electric  atmofphere  is 
too  heavy  for  them,  and  becaufe  they  have  not  fufficient 
drength  to  mount  above  it.  But  cranes,  as  being  itronger 
birds,  employ  all  their  Itrength  to  rife  above  it,  and  therefore 
ffy  fo  high. 

I  have  remarked  in  ravens,  that  their  croaking,  unlefs 
when  they  fmell  carrion,  proceeds  from  fear.  They  obferve 
perhaps,  by  the  atmofphere  it  ill  becoming  heavier,  that  a 
dorm  highly  difagreeable  to  them  will  foon  take  place,  and 
therefore  they  croak,  and  attach  themfelves  todrees;  and  when 
they  are  dartied  bv  any  thing  uncommon,  they  take  a  high 
flight,  making  a  loud  cry.  They  eafily  difeover  their  perfe- 
cutors  among  men,  and  always  cry  with  a  loud  noife  as  long 
as  they  think  they  are  purfued  by  them. 

That  jackdaws,  on  the  approach  of  rainy  weather,  flap  their 
wings,  and  pick  their  feathers  with  their  bills,  may  be  ex¬ 
plained  partly  by  an  unpleafant  fenfation  before  rain,  and  «. 
partly  from  the  date  of  the  atmofphere. 

To  the  before-mentioned  itching  or  burning  fenfation  I 
fefer  alio  the  bathing  and  plunging  of  water-fowl.  That  the 
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birds  of  the  fore  ft  fhould  haften  to  their  nefts  is  very  natural, 
as  from  the  hate  of  the  atmofphere  they  muft  apprehend 
rain. 

The  crying  of  peacocks,  except  at  pairing  time,  appears 
to  be  a  phsenomenon  analogous  to  the  crowing  of  cocks. 
I  have  often  remarked  it  on  a  change  of  weather,  and  often 
even  on  a  change  of  wind. 

That  dorks  and  cranes  place  their  bills  under  their  wings, 
is  a  phenomenon  remarked  aifo  among  dome  die  fowls  when 
thev  flv  to  their  roods  to  fecure  themfelves  again  ft  rain.  Their 
pecking  their  breads  feems  to  dignify  an  itching  fenfation  in 
that  part  of  their  bodies. 

The  croaking  of  the  male  green  or  tree  frog  feems  to 
denote  an  unpleafant  fenfation.  for  in  fine  weather  I  never 
■heard  them  fend  forth  the  fmaileft  cryx  But  the  appearance 
of  toads  implies  a  pleafant  fenfation,  as  thefe  animals  arc  fo 
fond  of  living  in  dirt. 

Ants  labour  with  great  diligence,  and  bees  haften  home, 
and  do  not  fly  far  from  their  hives,  beeaufe  they  follow  their 
anftindl.  The  former  endeavour  to  complete  their  habitations 
.and  to  fecure  themfelves  better  againft  rain,  and  perhaps  to 
lay  up  provifion  for  the  rainy  feafon.  The  latter  haften  home 
to  their  hives,  and  fly  no  more  abroad,  beeaufe  the  wet  would 


impede  them  in  their  flight  and  labour. 

Gnats  (comps)  come  into  houfes  to  fecure  themfelves  from 
’rain,  which  would  impede  their  flight,  and  there  they  attach 
•themfelves  to  the  legs  to  procure  that  nourishment  which  is 
-denied  them  without. 

The  increafed  biting  of  fleas  I  cannot  explain,  as  the  na¬ 
tural  hiftory  of  thefe  infects  is  as  vet  too  ob  feu  rex  ' 

Earth-worms  creep  from  their  holes  through  inftindf,  as 
they  can  move  themfelves  forward  only  upon  earth  that  is 
fflippery. 

A  prefenfation  of  forms  I  have  obferved  only  among  the 
perfect  of  the  mammalia ,  and  as  yet  but  among  two,  viz, 
•man  and  the  dog.  Both  thefe  feem  to  have  a  fenfe  of  the 
increafed  eledlricity  of  the  atmofphere.  It  appears  in  general, 
that  the  more  Iniperfedt  animals  remark  only  the  approach 
of  dry  weather;  the  more  perfedt,  the  approach  of  rain ;  and 
•the  rnoft  perfedt,  the  approach  of  forms,  All  animals,  per¬ 
haps,  with  their  external  fenfes,  and  all  plants  by  their  or¬ 
gans,  are  fenfible  of  the  variations  of  the  weather  but  phults 
are  not  here  my  objedt,  and  it  is  not  neceflary  to  prove  the 
influence  of  the  weather  on  them,  as  it  is  fufficiently  appa¬ 
rent  to  every  obferver.  Here  1  allude  only  to  the  external 
expreffion  of  internal  fen  fat  ions,  as  may  be  feen  by  the  ad- 
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duced  inftances;  elfe  one  might  confiderthe  Glutting  and  ex¬ 
panding  of  many  plants  as  foreboding  variations  of  the  weather. 

The  dog,  on  the  approach  of  rainy  weather,  cxpreflfes  figns 
of  unealinefs ;  fcratches  himfelf,  becaufe  the  fleas  then  bite 
him  with  more  violence ;  digs  up  the  earth  with  his  feet, 
runs  round,  and  eats  grafs :  he  is  accuftomed,  however,  to  da 
the  latter  when  he  is  very  hot,  perhaps  to  cool  himfelf,  and 
in  general  a  ftorm  follows  foon  after.  Before  a  ftorm  he  eva¬ 
porates  more  flrongly,  fo  that  his  fmell  becomes  intolerable  ; 
he  creeps  in  a  dejedted  manner  to  his  mafter,  and  lies  quiet* 
The  cat  alfo  feems  to  have  this  in  common  with  the  dog,  that 
{he  creeps  to  her  mafter  alfo  on  the  approach  of  a  florin.  But 
all  thefe  phenomena  require  a  further  explanation. 

The  moft  perfect  of  all  animals,  man,  is  on  the  approach 
of  forms  only  fnbjedt  to  certain  unpleafant  fenfations ;  but 
thefe  muft  teach  him,  in  the  liioft  finking  manner,  that  his 
fpiritual  part,  even  though  it  difengages  itTelf  lb  much  from 
oppreffive  cares,  is  irremediably  connected  here  below  with  a 
fluggilh  body,  which  frequently  exevcifes  tyrannic  fway  over 
the  foul.  Men  in  a  found  hate  of  health  are  fuhjedfed,  on 
the  approach  of  ftomiy  weather,  to  a  heavinefs  of  body  and 
mind,  a  want  of  capacity  to  perform  their  ufual  occupations, 
a  yawning  and  relaxation,  which  are  highly  difagreeable. 
Thefe  are  often  accompanied  alfo  with  a  fenfation  of  heat. 
All  thefe  phaenomena  appear  in  fome  more  and  in  others  lefs, 
and  in  fome  do  not  lake  place  at  all  :  but  the  laft  cafe  hap¬ 
pens  very  rarely.  Sick  perib.fr  s,  or  thole  whole  juices  are 
corrupted,  experience,  betides  the  above,  an  itching  heat  in 
thofe  parts  ol  their  bodies  which  are  covered  ;  and  many  who 
have  old  wounds,  ulcers,  and  the  like,  have  in  thefe  uncom¬ 
mon  filiations.  Many  of  thefe  may  he  afcribed  to  perfpira- 
tion  checked  by  the  great  heat;  though,  as  Weikard,  a  phi- 
lofophic  phyfieian,  aflerts,  the  want  of  electric  matter  in  the 
body  may  have  fome  {hare  in  them  alfo. 

When  itormy  weather  happens  in  winter,  thefe  fenfations, 
as  well  as  the  before-mentioned  prefenlation  of  animals,  do 
not  take  place;  at  lead  no  one  has  ever  obferved  them.  This, 
an  all  probability,  arifes  from  the  influence  of  the  feafon. 

I  muft  conclude  this  effay  with  requefting,  that  what  I 
have  here  faid  may  be  conftdered,  as  it  really  is,  an  hypo¬ 
thetic  explanation  of  well  knowp  fails. 
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XXXVIII.  Account,  of  a  Journey  from  the  Fortrefs  of  Sever* 
■naja ,  at  the  northern  Foot  of  Mount  Caucafus ,  to  Choy  in 
Perjia ;  with  a  Defcription  of  Tejlis?  the  Capital  of  Georgia . 
By  P.  F.  Engelman 

We  Ft  oat  on  the  14th  of  January,  and  eroded  the 
Terek  at  Mofdok,  accompanied  by  the  Peril  ail  ambaffador  f 
with  his  attendants,  and  having  in  our  fuite  two  officers  and 
fix  Coffiacs  ot  the  Caueafian  legion,  and  an  interpreter  for 
the  Perfian,  Turks  fit,  and  Georgian  or  Grufinian  language, 
The  caravan  confided  of  twenty-three  horfes  for  carrying 
our  baggage,  and  twenty-feven  riding-horfes.  The  whole 
company  were  on  horieback,  becaufe  it  is  not  poffible  to 
travel  through  the  mountains  in  any  other  manner.  By  way 
of  efcort  through  the  narrow  defiles  to  the  borders  of  Georgia, 
we  were  furniihed  with  a  guard  of  fifty  regular  Coffacs  and 
fixty  chadeurs. 

On  the  7  5th  we  eroded  the  Leder  Kabarda,  which  is  ruled 
by  feveral  princes  fubjeCt  to  the  Ruffian  government,  and 
next  day  arrived  at  Wladi-kaukas,  a  fortrefs  lately  con- 
firudled  at  the  bottom  of  the  higher  Caueafian  ridge,  in 
order  to  protect  our  communication  with  Georgia  ;  from 
which  we  proceeded  on  the  17th  to  afeend  the  mountains. 

Caucafus,  which  the  Perfians,  Indians,  and  Arabians  call 
Kukas ,  extends  from  the  Black  to  the  Cafpian  fea.  This  ridge 
of  mountains  we  had  to  crofs  in  its  whole  breadth  to  the  ca¬ 
pital  of  Georgia,  from  which  the  chain  proceeds  to  Anatolia 
and  along  the  Euphrates.  Its  greated  length  is  from  the  mouth 
of  the  river  Kuba  to  Derbent.  A  chain  of  fnow  mountains 
runs  along  the  middle  of  this  ridge  from  the  Black  to  the 
Cafpian  fea.  Two  rivers  dow  from  thele  fnow  mountains  in 
this  neighbourhood;  one  of  which  is  the  well-known  Terek, 
that  throws  itfelf  into  the  Cafpian  fea  below  the  Ruffian  for- 
trefs  of  Kidar;  the  other,  called  Aragui,  rims  towards  the 
foutli,  and  falls  into  the  Kur  near  the  town  of  Zcheta,  at  the 
didance  of  about  fifteen  werfis  from  Tefiis.  Along  the  Kur 
and  the  Terek  a  commodious  road  was  confirudted,  about 
two  years  ago,  in  order  to  open  a  free  communication  with 
Georgia;  and  this  route  in  the  fummer-time  is  padable  for 
carriages ;  but  in  the  winter  it  is  not  poffible  to  travel  in  that 

*  From  Neue  Nor  dip;  be  Brytraje,  by  profeffor  Pallas,  vo!.  vi. 
f  The  author  accompanied,  as  conductor  of  the  caravan,  prince  Ta¬ 
mara,  who  was  lent  to  Schiras  and  Ifpahan  on  a  political  million,  but 
who,  on  account  of  fome  circumftances  which  took  place,  did  not  proceed 
lint  her. 
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manner  through  the  fnow  mountain s,  as  the  road  between  the 
mountains  is  covered  with  fnow,  and  the  travellers  are  obliged 
to  pafs  over  ridges  and  eminences  which  are  practicable  only* 
for  peribns  on  horfeback  or  on  foot.  Along  this  road  the  high 
rockv  mountains  rife  in  pyramidal  forms,  and  like  two  walls 
of  rock  on  each  tide  ;  the  valley,  which  forms  a  paffage  between 
them,  where  broadeft  may  be  about  300  yards.  The  people 
who  inhabit  the  country  in  the  neighbourhood  of  this  road, 
in  the  mountains,  and  fometimes  on  the  river  Terek,  where 
the  fituation  of  the  mountains  will  admit  of  it,  are  called 
Ofii  or  Offetines.  The  former  name  was  known  in  antient 
times,  and  is  Hill  uled  among  the  people  themfelves,  but  by 
the  Ruffians  they  are  called  Offietinzy.  Their  language  has 
no  affinity  to  any  of  the  Aiiatic  dialeCis  but  the  Perfian. 
Thofe  who  live  to  the  north  are  Rill  pagans,  and  worth  ip 
dogs,  cats,  and  various  other  animals  which  have  been  (truck 
by  lightning.  Their  habitations  are  all  like  fortreffies,  and 
furro-unded  by  antique  round  towers,  &:c. 

On  the  1 8th  we  arrived  at  the  fnow  mountains,  after 
being  attacked  at  a  narrow  pafs  on  our  way  by  the  above- 
mentioned  Offetines.  The  pretended  eaufe  was,  that,  they 
demanded  toll  from  us;  but,  as  it  had  been  fettled  by  all 
the  princes  redding  among  the  mountains,  that  .every  thing 
belonging  to  Ruffia  ffiould  be  buffered  to  pafs  free,  our  com¬ 
mander  would  not  comply  with  their  demand,  nor  pay  them 
a  (ingle  farthing.  When  the  Offetines  found  that  they  could 
obtain  nothing,  they  began  to  roll  down  on  us  aftoniftiing 
large  maffes  of  rock;  and  they  di (charged  alto  their  lire- arms, 
but  without  doing  us  any  hurt.  Our  ambaffador,  however, 
was  fo  incenfcd,  that  he  commanded  60  of  the  cha-fleurs  and 
350  of  the  Coffacs,  who  formed  our  effort,  to  march  againR 
them  ;  but  they  could  not  reach  them  but  by  a  circuitous 
route  of  about  forty  werfts.  When  the  Offetines  faw  that 
this  party  were  going  round  to  attack  them  in  the  rear,  they 
folicited  forgivenefs,  and  buffered  us  to  pafs  unmoleRed. 

On  the  19th  we  continued  to  affend  the  fnow  mountains, 
where  we  were  much  aRonifhed  at  the  fudden  change  of  the 
climate.  Hitherto  the  weather  had  been  temperate,  and  we 
had  enjoyed  the  moft  beautiful  views,  highly  pi&urefque  on 
account  of  the  different  colours  of  the  rocks,  which  in  many 
places  were  ornamented  with  a  fort  of  cryftallized  figures'.  In 
•the  month  of  March,  Caucafus  mult  be  a  real  paradife;  for 
the  cyprefs-like  juniper  trees,  the  chefinut,  and  other  beautiful 
trees,  are  every  where  found  mixed  in  the  moft  agreeable 
manner.  Travelling,  however,  through  the  fnow  mountains 
was  not  fo  pleafant.  Where  we  crofted  . them  they  .confided 
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of  about  five  ridges  running  parallel  to  each  other,  the  mid- 
dlemoft  or  hi  oh  eft  of  which  role  above  the  clouds.  Each 
ridge  is  from  a  half -to  three  quarters  of  a  German  mile  in 
breadth.  When  we  reached  the  furnmit  of  the  fl r ft  moun¬ 
tain  we  experienced  amoft  violent  cold,  and  the  fnow  lay  on 
the  ground  above  an  arfchine  and  a  half  in  depth.  As  this 
mountain  was  not  very  fteep,  we  palled  it  without  much  dif¬ 
ficulty.  When  we  reached  the  bottom  we  had  to  crofs  the 
’river  Terek:  hut  no  bridge  was  neeeftarv,  for  the  river  is 
continually  frozen,  and  the  ice  is  covered  by  fnow  accumu¬ 
lated  for  many  years,  and  which  never  diffolves  in  fummer 
however  hot  the  weather  may  be;  and  if  it  were  not  for  the 
prodigious  node  which  the  water  makes,  no  one  would  fufnecfc 
that  fo  rapid  a  ftream  flows  under  it. 

We  then  palled  the  fecond  ridge,  which  however  fecmed 
to  be  far  more  dangerous,  as  it  is  remarkably  fteep.  When 
we  had  afeended  halfway  the  road  became  io  narrow,  that 
between  the  perpendicular  rock  on  the  one  fide,  and  the  pre¬ 
cipice,  more  than  400  fathoms  in  depth,  at  the  bottom  of 
which  is  the  bed  of  the  river,  only  two  or  three  feet  were  left 
for  us  to  pafs.  While  in  this  fituation  a  violent  wind 
-  arofe,  as  is  commonly  the  cafe,  and  drove  down  a  prodigious 
quantity  of  fnow,  which,  as  misfortune  would  have  it,  fell 
upon  our  ambaflador,  his  ft e ward,  and  a  riding  boy,  and 
hurried  them  all  together,  with  their  horfes,  to  the  bottom. 
Luckily  there  happened  to  be  in  this  place  a  projection  of 
rock,  on  which  they  all  three  fell ;  but  fo  covered  with  fnow 
that  for  fome  minutes  they  could  not  be  feen,  until  they  had 
forced  their  wav  from  the  fnow  with  their  heads.  We  im¬ 
mediately  let  down  to  them,  by  means  of  ropes,  a  few  CotTacs 
and  Gfietines,  who  are  very  expert-on  fuch  oceafions.  Thcfe 
people,  having  defeended  in  this  manner  at  lead  140  fathoms, 
helped  the  ambaiTadgr  and  the  other  two  perfons  from  the 
fnow,  and,  having  made  them  faft  to  ropes,  they  were  drawn 
up  without  any  further  accident.  Amidft  fear  and  terror  we 
proceeded  with  the  caravan  through  this  dangerous  place, 
dreading  every  moment  that  a  new  fall  of  (how  rolling  down 
from  the  mountain  would  hurry  us  to  the  bottom  of  the  pre¬ 
cipice.  By  the  protection  of  Providence,  however,  we  were 
preferved,  and  arrived  in  fafety  at  the  top  of  the  mountain. 
Our  ambaflador  was  not  hurt  by  his  fail,  but  greatly  fright¬ 
ened.  Two  of  the  horfes,  contrary  to  all  expectation,  found 
means  to  clamber  up  the  fteep  fide  of  the  mountain  ;  and 
though  they  often  fell  among  the  fnoVv  fo  that  nothing  of 
them  was  to  be  feen  except  the  head,  they  made  their  way 
through  it ;  but  the  third  was  too  weak ;  and  while  exerting 

the 


r;  Ci 

tu*‘  W 


Account  oj  a  Journey  to  Choy  in  Perjia . 

the  laft.  remains  of  his  ftrength  by  a  hidden  fprins;  he  fell 
back  and  rolled  down  the  precipice,  lo  that  we  law  no  more 
•of  him. 

We  now  defeended  the  mountain,  the  road- being  neither 
very  deep  nor  long,  till  we  arrived  at  the  next  ridge,  which 
is,  as  it  were,  placed  upon  the  former.  This  third  and  high  eft 
inow  mountain  was  fo  deep  that  we  almoft  defpaired  of  being 
able  to  pals  it.  We  found  it  now  impollible  to  ride;  for, 
though  the  road  was  here  and  there  two  feet  in  breadth,  we 
were  frequently  obliged,  for  the  di dance  of  half  a  word  and 
more,  to  clamber  over  the  rocks  fometimes  up  to  the  middle 
in  fnow.  When  we  had  at  length,  with  great  labour,  pain, 
and  fatigue,  got  to  the  franmit,  we  ofderved  the  clouds  rolling 
under  us,  and  could  no  longer  lee  any  thing  of  the  fur  round¬ 
ing  country.  We  now  travelled  above  an  hour,  involved  in 
a  lbrt  of  thick  fog,  ex  poled  to  the  wind  and  fnow,  and  to  a 
more  penetrating  cold  than  we  ever  remembered  to  have 
experienced  at  Peterfburgh. 

When  we  began  to  defeend  from  this  high  ridge,  and  had 
got  about  halfway  down,  three  of  the  mules  laden  with  the 
fervice  of  fiver  plate  defined  as  a  prefent  to  Perfia,  fell  into 
a  (mall  fifth  re  near  the  road,  which  at  fir  It,  as  we  law  their 
heads  above  the  fnow,  did  not  appear  to  be  of  much  confe- 
quenee.  Thefe  animals,  however,  exerted  their  whole  ftrength 
to  extricate  themfelves,  and  two  of  them  were  fortunate 
enough  to  fucceed  ;  but  the  third,  which  had  approached 
too  near  to  the  declivity  of  the  mountain,  by  its  exertions 
fell  deeper  into  the  fnow,  and,  getting  ft i  1 1  nearer  and  nearer 
to  the  edge  of  the  precipice,  rolled  down  the  fide  of  the  moun¬ 
tain  to  the  depth  of  about  400  fathoms  from  the  road.  The 
boxes  containing  the  plate  broke  loofe  by  the  violence  of  the. 
fall,  one  rolling  down  on  one  fide  and  the  other  on  the  other ; 
and  one  of  them,  being  daflied  againft  the  projecting  point 
of  a  rock,  burft  in  two ;  but  the  other  fell  unhurt  on  a  ffnall 
eminence  which  was  at  the  diftanee  of  two  hundred  fathoms 
from  us.  In  that  fituation  we  were  obliged  to  leave  it,  as  it 
was  impollible  to  approach  it  011  account  of  the  fteepnefs  of 
the  mountain.  A  Grufinian  (Georgian)  prince,  whom  ‘the 
czar  lent  to  meet  us  on  the  frontiers,  promifed,  as  foon  as 
the  weather  would  permit,  and  the  new  fnow  fiiould  be 
melted,  to  take  proper  care  that  the  OfTetines  in  the  next 
village  mould  bring  up  the  box  which  remained  whole,  and 
alio  collect  the  fcattered  plate  which  had  fallen  from  the  box 
that  had  burft,  and  which  could  not  fink  into  the  old  hard¬ 
ened  fnow,  as  it  is  fo  ftrong  even  in  fummer  as  to  bear  the 
weight  of  a  hc-rfe.  O11  our  return,  indeed,  one  of  the  boxes 
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*vith  the  plate  was  brought  to  us  at  Teh  is,  and  all  the  plats 
which  had  fallen  from  the  broken  one  was  again  found,  ex- 
eept  fix  gilt  filver  difhes,  with  one  large  and  two  dozen  of 
Imail  fiber  fpoons ;  of  the  gold  deffert  fervice,  feven  knives 
and  lorne  frnall  difhes  were  recovered  ;  and,  of  the  gilt  thir¬ 
teen  knives  and  fome  forks  *. 

,  ^  la  v  i  ug  again  proceeded  on  our  journey,  we  at  length, 
about  one  o’clock  in  the  morning,  after  great  pain  and  diffi¬ 
culty,  on  account  of  the  fnow,  which  was  continually  rolling 
down  from  the  mountain,  arrived  without  further  accident 
at  a  village  at  the  bottom  of  the  ridge  diftant  about  eighteen, 
wei  its,  which  had  cob  us  eighteen  hours  labour  from  the  village, 
w  let e  we  had  fpent  the  preceding  night.  This  village  was 
one  of  the  pooreft  and  mo  ft  wretched  in  all  Georgia;  "but  to 
us  it  was  a  welcome  place  of  refrefhment,  where  we  remained 
during  our  twentieth  retting  day,  and,  after  three  days  journey 
more,  arrived  in  fafety  on  the  23d  of  January  at  Teflis,  the 
capital  of  Georgia,  ibis  place  we  reached  at  midnight;  and 
t  lough  it  was  fo  dark  that  we  could  not  fee  a  yard  before  us, 
^\e  concluded  from  the  dirt  and  narrownefs  of  the  ftreets, 
and  from  the  diiagreeable  effluvia  which  affailed  us  from 
every  corner,  that,  when  day-light  appeared,  we  fhould  find 
ounelves  neither  in  a  Berlin  nor  a  Drefden  :  and  this  indeed 
was  the  cafe,  as  will  appear  from  the  following  defeription. 

^ u  1  vve  fflall  here  firtt  give  a  Ihort  view  of  the  province  of 
1  uolehi,  which  we  tra verted  in  our  way  from  the  fnow  moun¬ 
tains  to  Bettis.  At  about  the  dittaoce  of  twenty-five  wertts 
from  the  mow  mountains  the  country  beodns  to  he  exceed- 
rngjy  pleafant,  as  the  mountains  gradually  become  lower,  and 
are  covered  with  wood  to  tne  tops,  the  valley  along  the 
river,  .which  forms  the  principal  paffage  from  Ruttfa  t<% 
Georgia,  it  1 1 1  grows  wider  the  nearer  it  Approaches  the  ca¬ 
pital ;  fo  that,  where  the  Aragiu  difelt arges  itfelf  into  the 
fvui,  which  runs  through  Teflis,  about  twenty  werits  from 
that  city,  the  breadth  of  the  vallev  is  from  five  to  feven 
we r ft 5.  In  other  places  its  breadth 'varies  from  a  half  to  a 
wnole  wertt,  and  is  every  where  interiperfed  with  the  moft 
beautitul  groves  ot  beeches,  chettnut,  apple,  and  pear-trees. 
-Between  thefe  fruit-trees  vines  fhoot  up,  and  the  b  mill -wood 
or  that  kind  generally  feen  m  Europe.  Through  this 
woody  vale  the  Aragiu  flows  in  different  branches,  and  the 
mute  in  winter  and  the  end  of  fummer  goes  through  the 
woods.  JNio  profpect  more  beautiful  can  be  conceived  than 


As  thete  articles  were  deftined  as  a  preicut  10  an  eaftern  prince  who 
ate  rice  with  his  hand,  it  does  not  appear  that  thev  would  have  keen  of 

>auch  ufe  to  him, 

pl  •  that 
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that  of  the  mountains  on  each  fide  pf  this  valley.  At  about 
the  half  of  their  height  lie  in  general  the  villages,  which, 
according  to  the  Afiatic  mode,  are  built  with  Hat  roofs. 
Where  any  of  the  princes  refide,  the  village  is  furrounded 
with  a  high  wall,  ftrengthened  by  old  round  turrets.  In 
this  manner,  two  or  three  villages  often  lie  one  above  the 
other,  each  having  its  gardens  and  fields  laid  out  on  the  de¬ 
clivity  of  the  mountain  ;  fo  that  it  appears  wonderful  how  it 
is  pobible  to  cultivate  them.  Rivulets  everywhere  fall,  in 
the  form  of  cafcades,  from  the  rocky  brows  of  the  mountain  ; 
and  this  diflribl,  in  an  amphitheatrical  form,  extends  above 
jixty  werbs  *  with  the  moft  agreeable  variety;  fo  that  a  more 
beautiful  landicape  can  hardly  be  found  either  in  Swifferland 

or  Italy.  _  _ 

When  compared  with  this  beautiful  neighbourhood,  Teflis, 
the  capital,  makes  a  very  poor  appearance.  It  is  about  eight 
werfls  in  circumference,  and  is  divided  into  two  parts  by  the 
river  Kur,  which  Hows  through  it.  The  principal  part  of 
the  town  lies  on  the  declivity  of  a  high  mountain,  which  ter¬ 
minates  at  the  river  with  rocky  banks  of  from  eight  to  eleven 
fathoms  in  height.  On  the  land  fide  it  is  inclofed  by  a  wall, 
built  in  the  old  form,  eight  fathoms  in  height,  and  at  the 
diftance  of  every  fifteen  fathoms  hands  a  large  round  tower 
which  fupplies  the  place  of  a  baftion.  On  this  fide,  the  city 
has  three  gates ;  and  towards  the  mountain,  which  rifes  al- 
moft  perpendicularly  behind  the  wall,  it  is  p rote bled  by  an 
old  cable,  which  is  exceedingly  ftrong,  and  which  exhibits 
the  true  old  method  of  building.  This  cable  is  htuated  at 
the  elevation  of  at  leab  two  hundred  fathoms  above  the  level 
of  the  city.  The  other  part  of  the  city  is  connected  with 
the  former  by  means  of  a  wooden  bridge,  which  is  only 
twenty-five  fathoms  in  length ;  as  the  river  Kur,  though  in 
other  places  from  a  hundred  to  two  hundred  and  eighty  fa¬ 
thoms  in  breadth,  is  here  confined  on  both  fides  by  high 
rocky  banks,  fo  that  it  never  can  become  broader ;  and  its 
real  breadth  under  the  bridge  amounts  only  to  twenty  fa¬ 
thoms.  This  part  of  the  city  is  fortified  in  the  fame  manner 
as  the  former,  and  contains  the  czar’s  palace,  a  church,  and 
a  few  houfes  belonging  to  the  citizens.  In  the  whole  city 
there  are  feventeen  churches,  Georgian  and  Armenian,  with 
one  catholic  church  and  three  mofques.  The  number  of 
the  houfes  in  proportion  to  the  extent  of  the  ground  is  very 
great,  as  the  breadth  of  each  houfe  in  front  is  only  from  four 
to  twelve  fathoms.  They  are  all  irregularly  built ;  fome  of 
them  have  neither  windows  nor  chimneys,  as  the  flat  roof 

*  A  werft  is  about  ajoo  En.bifh  feet. 

„  has 


*9*7  3 


Account  of  a  Journey  to  Choy  in  Perjia . 

has  in  the  middle  a  fort  of  cupola  with  a  round  aperture  in 
it,  which  ferves  both  to  admit  light  and  to  afford  a  p adage  to 
the  imoke.  The  fire  is  made  in  the  middle  of  the  floor,  and 
round  it  are  the  lleeping  places**  people  even  of  the  middle 
clafs  refide  in  houfes  of  this  kind* 

The  city  is  interfered  by  an  aft  on  idling  number  of  ftreets,, 
ftiort  and  crooked,  and  not  above  two  fathoms  in  breadth  ; 
one  principal  ftreet  only  which  is  capable  of  admitting  a  car¬ 
riage  pafles  through  the  whole  city.  In  my  opinion  there 
is  not  a  dirtier  place  in  the  world  than  Teflis :  for  when  the 
fnow  falls  in  winter  it  lies  fome times  on  the  flat  roofs  of  the 
houfes  to  the  depth  of  two  or  three  feet,  and  is  thrown  down 
into  the  ftreets  by  the  inhabitants  by  means  of  (hovels,  left  it 
fhonld  penetrate  into  the  houfes  by  its  melting,  which  gene¬ 
rally  takes  place  very  loom  As  the  ftreets  are  not  paved, 
this  fnow  occafions  fo  much  dirt,  that  to  perfons  on  foot  they 
are  almoft  impaffable.  Bcfidcs,  carrion  of  evervffdnd,  fuch 
as  dead  cattle,  fwine,  dogs,  cats,  and  the  like,  is  thrown  out 
into  the  ftreets,  where  it  is  differed  to  become  putrid.  Even 
clofe  to  the  czar’s  palace  I  obferved  the  remains  of  a  dead 
cow,  which  emitted  an  intolerable  (tench,  and  would  have 
long  continued  a  nuifance  had  it  not  been  devoured  bv  the 
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dogs.  In  winter  the  ftench  is  not  fo  offenftve  as  in  fummer 
during  the  great  heats,  when  ((rangers  are  almoft  fuflocated 
by  it;  end  on  this  account  it  is  very  furprifing  that  peftilen- 
tial  difeafes  are  not  as  prevalent  in  Teflis  as  at  Conllantinople. 
Strangers  immediately  on  their  arrival  are  fenfibie  of  the  im¬ 
purity  of  the  air,  and  in  confequenee  of  it  are  continually 
fiek.  The  healthier!:  time  here  is  the  autumn,  becaufe  the 
ftrong  winds  which  blow  then  from  the  mountains  purify 
the  air;  but  they  would  produce  a  much  better  effect  if  the 
city  were  regularly  built,  for  at  prefent  the  ftreets  are  too 

J  O  J  '  t  •  ? 

crooked  and  narrow  to  afford  it  a  tree  oaflage. 

i  o  # 

The  czar’s  palace  (lands  on  the  rocky  hank  of  the  river; 
the  lower  part"  of  it  is  built  or  (tone,  the  upper  is  of  wood 
and  furrounded  bv  a  gallery but  in  other  refpects  it  has  a 
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very  mean  appearance.  In  the  interior  part  it  exhibits  no¬ 

thing  remarkable ;  all  its  ornaments  confift  merely  of  rich 
and  beautiful  carpeting.  The  area  before  it  is  often  (o  co¬ 
vered  with  dirt  that  it  is  impoflible  to  approach  the  palace. 
The  magnificence  of  the  court  is,  in  my  opinion,  much  in¬ 
ferior  to  that  which  we  obferved  at  the  court  of  the  Perfian 
chan  Achmet  Mehemet,  at  Eriwan  ;  who,  however,  is  lub- 
ie6t  and  tributary  to  the  czar  of  Georgia.  To  deferibe  the 
etiquette  of  the  court  would  he  too  tedious  and  ridiculous: 
1  (hall  therefore  only  obferve,  that  nrince  H-eraclius  is  a  pru¬ 
dent. 
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dent,  intelligent,  and  courageous  man,  whofe  talents  are'dif- 
played  in  ids  phyfiognomy.  He  is  of  a  middle  ftature,  and 
ftill  ire  ft)  and  vigorous  though  feventy  years  old.  He  has  a 
great  mane  children,  the  elded  of  whom  is  forty-five  years 
of  age.  The  czar  is  exceedingly  polite,  and  on  days  of  fes¬ 
tivity  invites  all  the  Ruffian  officers  to  his  table,  I  had  twice 
this  honour.  We  were  fcrved  in  the  European  manner  ;  the 
difhes  however,  for  the  mod;  part,  were  cooked  according  to 
the  r.fiatic  tafte,  but  excellent  of  their  kind.  On  fuch  oc- 
cadons  the  czar  fits  at  table  as  the  Europeans  do,  but  in 
common  he  follows  the  Afiatic  cuftom. 

The  czar’s  confort  and  the  princefles  often  appear  publicly 
on  feftivals ;  but  fome  years  ago  they  were  more  referred, 
being  feldom  feen.  The. children  are  all  (lout  and  handfome. 

Of  the  Tartars  fubjedlto  the  czar  of  Georgia,  and  who  are 
diftinguiftied  by  the  name  of  Kafach ,  I  obtained  at  Teflis  the 
following  information  : — They  refide  on  the  rivers  Nachatyr, 
Tebete,  Kur,  Aehyftaf,  Pambek,  and  Algete.  Oil  the  firft; 
lie  feven  villages  ;  on  the  fecond,  thirteen;  on  the  third,  five ; 
on  the  fourth,  fifteen;  on  the  fifth,  eighteen;  and,  on  the 
iixth,  two.  Some  of  thefe  Tartars  are  of  the  febl  of  Omar; 
others  are  of  that  of  Ali,  and  do  not  praHife  circumcifion. 
They  acknowledge,  befides  the  Supreme  Being,  five  faints. 
David,  who  had  a  hundred  wlv.es,  and  therefore  Mahomet 
allowed  his  followers  to  have  the  fame  number;  Dfchebrail, 
who,  though  invifible*  excites  the  people  to  offer  up  their 
prayers  to  God  ;  Air  ail,  who  by  God’s  command  lets  the 
foul  free  from  the  body;  Michael,  who  weighs  the  fins  of 
the  dead,  and  fends  them  either  to  hell  or  to  paradife ;  and, 
in  the  laft  place,  Ifrafil,  who,  when  God  {hail  make  the  water 
like  the  earth,  will  found  the  trumpet  to  call  the  dead  to 
judgment.  Mahomet  they  do  not  account  a  faint,  but  their 
lawgiver,  who  has  commanded  them  to  pray  five  times  in 
the  twenty-four  hours,  and  to  implore  God  to  forgive  their 
fins;  to  purify  themfeives  before  prayer  by  wafhing;  to  un¬ 
dertake  a  pilgrimage  to  his  grave  when  poffible;  not  to  deal; 
not  to  work  on  Friday,  but  to  fait ;  to  obferve  the  feftivals,  Sec. 

They  divide  the  year  into  twelve  months,  and  affign  to  the 
months  an  unequal  number  of  days,  which  vary  every  year 
except  for  the  month  Ramafan,  which  always  confifts  of 
thirty,  and  in  which  their  principal  feftivals  fall.  Their 
week  has  feven  days,  and  begins  with  Friday,  which  they 
call  Dlchuta :  the  reft  are,  Dfchuta-Erteffi,  JBafar,  Bafar- 
Erteffi,  Chas,  Tfcharfchembe,  Perfchembe.  They  have 
three  grand  feftivals.  The  firft  is  in  the  month  Ramafan; 
the  lecond  is  called  Kurban,  and  the  third  Naurus-Bairam. 

Their 
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Their  great  fafts  in  Ramafan  are  obferved  fo  ftri£tly,  that  they 
fpend  whole  days  in  prayer,  and  tafte  no  food  till  the  evening. 

At  their  marriages  no  other  ceremonies  are  ufual  than,  at 
the  time  of  the  betrothing,  the  male  and  female  friends  af- 
femble  at  the  houfe  of  the  bride,  and  fing  from  morning  till 
night,  dance,  and  make  merry,  till  the  wedding  day  ;  after 
which  they  fpend  three  more  days  in  a  fimilar  manner.  At 
the  birth  of  a  child,  the  midwife,  after  it  has  been  wafhed, 
befprinkles  it  with  fait  water,  and  gives  it  any  name  {lie 
thinks  proper.  A  woman,  after  delivery,  is  accounted  un¬ 
clean  for  forty  days ;  during  which  (lie  mufl  neither  deep 
with  her  hufband,  pray  in  the  church,  nor  perform  any  do- 
meftic  office.  Marriage  is  forbidden  only  between  the  fir  it 
degrees  of  confanguinitv,  fuch  as  that  of  brother  and  fifter; 
in  all  other  degrees  it  is  permitted.  A  man  may  keep  as 
many  wives  as  he  choofes  :  the  firft  mud  always  be  a  maid, 
but  the  reft  may  be  widows.  If  a  married  woman  is  guilty 
of  adultery,  the  hufband  has  a  right  to  put  her  to  death,  as 
well  as  the  adulterer.  If  a  hufband,  however,  is  unfaithful, 
the  wife  has  no  refource.  Men  are  accounted  fit  for  marriage 
from  the  age  of  fifteen  to  fifty,  and  women  from  that  of  twelve 
to  forty.  If  a  man  lofes  all  affection  for  his  wife,  he  may 
give  her  a  letter  of  divorce  and  fend  her  awray  ;  but  a  woman 
cannot  feparate  from  her  hufband  without  his  confent. 

They  bury  their  dead  in  the  following  manner  ; — The  body 
is  waffied,  and  a  mullah ,  or  prieft,  is  fentfor  to  accompany  it 
to  the  grave;  the  mullah  then  recites  fome  prayers,  and  the 
body  being  depofited  in  the  grave  the  relations  cover  it  with 
earth.  The  relations  do  not  return  to  the  houfe  of  the  de- 
ceafed  for  three  days,  but  at  the  expiration  of  that  period 
they  prepare  an  entertainment  in  honour  of  his  memory; 
and  this  feftival  is  repeated  on  the  feventh,  and  again  on  the 
fortieth  day. 

During  nine  months  of  the  year  thefe  people  remain  fta- 
tionary  in  their  villages;  but  after  the  fir  ft  of  July  they  retire 
with  their  cattle  to  the  river  Tebete  among  the  mountains, 
where  they  lead  a  wrandering  life  till  the  lirft  of  October.  To 
the  flefti  of  deer,  fwine,  and  horfes,  they  have  an  averfion. 
Their  language  is  a  fomewhat  corrupted  dialect  of  the  Tartaric. 

A  kind  of  borax,  brought  from  Akalzi  and  Wan,  is  fold 
at  Teffis,  for  the  ufe  of  the  goldfmiths,  under  the  name  of 
bora  *,  At  Olui,  near  the  former  of  thefe  places,  about  three 
days  journey  from  Tefiis,  and  at  Bajafid,  near  the  latter, 
there  are  faid  to  be  fprings,  the  water  of  which  is  greenilh, 

^  This  is  the  impure  mineral  iixivious  fait  deferibed  by  Model  under 
the  name  of  fa l  Per// cum , 
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It  is  collected  in  (tone  citterns,  where  it  is  flittered  to  remain 
three  or  four  months  with  {havings  of  leather,  blood,  and  urine', 
till  it  becomes  putrid;  after  which  it  is  clarified,  and  boiled 
in  copper  kettles.  A  concrete  fait  remains,  which  is  the  bora. 

After  a  refidence  of  almott  three  weeks  at  Tettis,  during 
which  time  we  put  our  equipage  again  into  order,  and  pur- 
chafed  fretti  cattle,  we  fet  out  on  the  12th  of  February,  the 
weather  being  then  as  mild  as  it  is  at  Peterfburgh  in  the 
fpring.  In  general,  ice  is  feldom  feen  in  the  neighbourhood 
of  Tettis ;  and  the  weather  in  winter  is,  for  the  mott  part, 
rainy.  Some  opinion  refpecting  the  climate  of  this  country 
may  be  formed  from  the  fruit-trees,  inch  as  the  pomegranate- 
and  fig-tree,  which  grow  here  in  the  open  air  in  all  the 
gardens,  and  yet  never  fuller  from  the  froft. 

We  had  to  repafs  the  mountains,  but  the  road  now  was 
not  fo  dangerous.  On  the  17th  we  arrived  at  the  bottom  of 
that  height  called  the  Bambakfche  ridge.  During  thefe  five 
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days  we  had  an  agreeable  journey  through  a. beautiful  diftridt 
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every  where  interfered  by  fmall  ftreams,  and  covered  with 
fruit-trees  of  every  kind.  The  inhabitants  of  this  agreeable 
diftridt  are,  however,  much  to  be  pitied,  as  they  are  conti¬ 
nually  expofed  to  the  depredations  of  the  Lefghinians.  In 
the  courfe  of  one  day’s  journey  we  faw  thirteen  villages 
which  thefe  plunderers  had  deftroyed.  To  fuch  fcenes  of  de- 
vaftation  the  Georgians  are  often  expofed,  as  the  Lefghinians 
refide  in  the  mountains  between  Kachet  and  Dageftan,  and- 
are  exceedingly  numerous  and  warlike.  The  pacha  of  Achai- 
ziche  every  year  takes  from  two  to  three  thoufand  of  thefe 
people  into  his  fervice,  but  gives  them  little  pay,  as  they  re¬ 
ceive  permiffion  from  him  to  indemnify  themfelves  in  their 
march  by  what  they  can  plunder.  To  ttrengthen  this  corps 
he  unites  with  them  fome  Turkifh  troops.  Some  time  ago, 
when  three  companies  of  our  chaifeurs,  under  the  command 
of  major  Sengenberg,  defeated  the  Lefghinians,  of  the  two 
thoufand  killed,  one-half  almott  were  Turks.  On  another 
occafion,  when  four  hundred  remained  on  the  field  of  battle, 
twenty  Turks  and  two  of  their  ttandards  were  brought  info 
Tettis.  Since  that  period  the  Lefghinians  have  been  afraid 
of  our  chatteurs ;  but  the  two  battalions  which  wc  main¬ 
tained  in  Georgia  were  not  lafficicnt  to  defend  it  from  thefe 
robbers  *. 

On 

Since  that  period  Georgia  has  been  annexed  to  the  Ruffian  empire. 
The  reafons  which  produced  this  event  will  be  found  in  the  following  ex¬ 
tract  of  a  letter  from  Peterfburgh,  dated  October. 30,  1801  : 

“  The  msnifetto  by  which  his  Imperial  M  a  felly  declares  that  Georgia, 

called 
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On  the  1 8th  our  road  lav  over  the  cold  fnow  mountains 
from  Bamback.  We  were  ftill  eighty  werfts  from  the  firft: 
Perfian  town  Eriwan,  and  had  afcended  the  ridge,  which 
extends  fixty  werfts,  when  all  of  a  fudden,  after  having  tra¬ 
velled  five  werfts,  we  were  affailed  by  a  violent  wind,  which 
accumulated  the  fnow  in  heaps  before  us  •  fo  that  we  were 
obliged  to  return,  to  avoid  being  burled  alive :  a  cataftrophe 
which  whole  caravans  fometimes  experience  among  thefe 
mountains,  as  they  mu  ft  travel  here  fixty  werfts  without 
finding  any  village  or  place  of  fhelter,  and  cnnfequently  can 
hope  for  no  aftiftance  when  overtaken  by  a  fnow  ftorm. 

On  the  19th  of  February  we  purfued  another  route,  in 
order  to  avoid,  in  fome  meafure,  the  fnow  mountains.  This 
route  however  was  full  150  werfts  longer,  and  exceedingly 

called  by  the  Ruffians  Grufinia,  is  united  to  the  crown*  gives  an  account 
of  the  motives  that  determined  this  meafure.  The  fovereigns  of  Ruffia 
have  always  confidered  it  as  a  duty  to  protedl  that  Hate  :  the  withdrawing 
of  the  Ruffian  troops  from  it  had  occahobed  every  kind  of  difotder,  and 
civil  war  had  often  burft  forth.  The  barbarous  tribes  by  whom  it  is 
lurrounded,  threatened  it  on  every  fide  ;  and  without  the  Ruffians  it  was 
impoffible  to  reprefs  the  banditti  of  Mount  Caucafus.  When  the  emperor 
Alexander  afcended  the  throne,  he  found  Georgia  united  to  the  crown,  in 
confequence  of  a  manifefto  dated  January  18,  1801.  However,  as  the 
Ruffians  had  produced  tranquillity  in  it,  the  emperor  was  defirous  of  trying 
to  reftore  to  it  it&  independence  ;  but  this  country  had  again  to  dread  the 
vengeance  of  thofe  who  had  been  excluded  fiom  the  fovereigntw — it  was 
threatened  with  a  new  civil  war.  The  prince  by  whom  it  was  governed 
could  not  fecure  it  either  internally  or  externally,  and  to  all  thefe  cir- 
cumftances  was  added  the  wilh  of  the  Georgians  themfelves.  ‘  Your 
hopes  this  time,’  faid  the  emperor  to  them,  ‘  fhall  not  be  deceived.  It 
is  not  to  increafe  my  power  ;  it  is  not  for  inteteft ;  it  is  not  to  extend  the 
boundaries  of  an  empire  already  fo  extenfive,  that  we  have  taken  upon  us 
the  government  of  Grufinia  t  our  dignity  alone,  our  honour  and  humanity, 
impofe  on  us  the  facred  obligation  of  likening  to  the  voice  of  thofe  who 
fuffer ;  and  to  eftablifh  in  Grufinia  a  juft  government,  which  may  enlure 
the  fafety  of  perfons  and  property,  and  the  protetlihg  force  of  the  law.’ 

“  Thefe  are'  the  intentions  of  our  auguit  monarch.  The  produce  of  the 
taxes  of  Georgia  will  not  go  out  of  the  country  ;  it  will  be  confecratcd  to 
the  fupport  of  government,  to  the  reparation  of  towns  and  villages  ruined 
by  inteftine  war,  and  to  the  relief  of  the  inhabitants.  Each  will  be  main¬ 
tained  in  his  rights,  and  in  the  exercife  of  his  religion.  The  children  of 
the  princes  will  retain  their  eftates,  and  may  live  where  they  pleafe.  Lieu¬ 
tenant-general  Knorring,  a  native  of  Georgia,  will  be  charged  with  the 
government;  and  in  order  that  he  may  carry  into  eftedt  the  inftrudtions  of 
the  emperor,  he  will  affociate  with  him  other  perfons  born  in  the  country. 
All  the  Georgians  will  take  an  oath  of  fidelity  to  their  new  fovereign,  and 
the  ecclefiaftics  and  pallors  will  be  the  firft  to  give  this  example  of  fub- 
tniffion. 

“  His  majeftv  concludes  with  expreffing  an  ardent  vvifh  that  peace  and 
juftice  may  prevail  in  the  country  ;  that  an  end  may  be  put  to  adds  of  vio¬ 
lence  ;  and  that  agriculture,  induftry,  commerce,  and  manufactures,  may 
revive,  under  the  prote6Uon  of  the  new  laws,  equal  to  all.” — Edit. 
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dangerous,  as  we  were  obliged  to  pafs  very  near  the  Turk'fth 
borders,  which  are  generally  infefted  by  the  Lefghinians. 

On  the  23d  we  arrived  at:  the  village  of  Talin,  which  be¬ 
longs  to  Armenia  the  Lefs.  Scarcely  had  we  got  to  our 
lodging  when  intelligence  was  received  that  2000  Lefghinians 
had  eroded  the  river  behind  us,  and  attacked  a  village  which 
we  palled  a  little  time  before.  Had  we  fallen  in  with  thefe 
people  on  the  road,  our  diver  plate  muft  have  been  loft. 

On  the  24th  we  came  to  the  celebrated  Armenian  monaftery 
of  Weds,  or  Edfch-mijazin  (feven  churches),  which  is  called 
alfo  the  Monaftery  of  Ararat,  where  the  Armenian  patriarch, 
the  chief  of  the  ec.clefiaftical  eftablifhment  of  that  country,  has 
his  refidence.  Here  we  were  received  with  great  hofpitality, 
lodged  in  an  elegant  apartment,  and  waited  on  with  great 
attention.  Next  day  I  made  a  drawing  of  the  monaftery, 
together  with  Mount  Ararat  and  the  neighbouring  country  ; 
which  pleafed  the  patriarch  fo  much  when  fliown  to  him 
by  our  commanding  officer,  that  he  requefted  me  to  make  a 
copy  of  it  for  him,  and  to  encourage  me  to  do  fo  he  gave  me 
a  conftderable  prelent. 

This  monaftery  is  faid  to  have  been  built  upwards  of  1300 
years  ago,  in  the  reign  of  an  Armenian  king  named  Tartat  :  and 
beyond  all  doubt  it  is  one  of  the  richeft  in  the  world,  as  it  re¬ 
ceives  a  great  income  from  the  Armenians  fcattered  throughout 
Turkey,  Perfia,  Georgia,  and  even  Europe;  above  800  pea- 
fan  ts  alfo  belong  to  it,  and  a  large  tra£f  of  land,  on  which 
3:0  head  of  cattle,  100  horfes,  and  30  camels,  are  kept  for 
the  purpofes  of  agriculture.  When  the  patriarch  dies,  a  new 
one  is  chofen  from  their  fynod ;  and  an  account  of  this  choice 
is  then  tranfmitted  to  theTurkifti  fultan,  the  czar  of  Georgia, 
and  the  chan  of  Ifpahan.  The  number  of  the  monks  amounts  to 
120,  who  are  lodged  in  the  monaftery,  where  they  enjoy  every 
convenience.  Travellers  are  fliown  here  a  fragment  of  Noah’s 
ark,  which  a  monk  is  faid  to  have  obtained  from  an  angel. 
This  monk  had  refolved  to  afeend  to  the  fummit  of  Mount 
Ararat,  where  the  ark  refted ;  but  he  was  prevented  by  the 
Deity,  who  fent  an  angel  to  convey  him  back;  and  the  angel, 
to  confole  him  for  this  difappointment,  brought  him  this 
fragment,  refpe&ing  which  many  other  wonderful  ftories  are 
told . 

On  the  26th  we  continued  our  journey  to  Eriwan,  which 
is  only  fifteen  werfts  diftant  from  the  monaftery.  "This  city 
Jies  in  a  fruitful  valley  on  the  river  Sangintfchey,  at  the  bot¬ 
tom  of  the  fnow  mountains.  It  is  fortified  by  a  double  wall, 
furniftied  with  a  great  many  round  towers  at  the  diftance  of 
fifteen  fathoms  from  each  other,  and  each  mounted  with 
?  four 


Account  of  a  Journey  to  Chojy  in  Perjia,  229 

four  cannon  :  mortars  alfo  are  planted  on  the  edge  of  the 
ditch  by  which  the  city  is  furrounded.  The  city  has  only 
one  gate,  and  would  be  a  place  of  ftrength  if  its  fituatiou 
were  more  advantageous.  One-half  of  it  is  furrounded  by 
mountains  within  cannon  fhot ;  but  on  the  fouth  fide  it  is 
protected  by  infuperable  rocks,  which  extend,  almoft  perpen¬ 
dicularly,  to  the  banks  of  the  river  Sangin.  The  houfes 
are  in  the  fame  ftyle  of  archite&ure  as  thole  of  Teflis. 

The  chan,  Achmet  Mehemet,  was  about  ten  years  of  age, 
and  fucceeded  his  brother,  who  had  been  affaffinated  in  the 
ftreets  about  a  year  before.  The  difiridd  belonging  to  Eriwan 
forms  a  great  part  of  Armenia  the  Lefs  :  it  is  exceedingly  fer¬ 
tile,  and  brings  to  the  chan  a  confiderable  income:  from 
which,  however,  he  mull  pay  a  tribute  to  the  czar  of  Georgia. 

On  the  27th  our  colonel  paid  a  vifit  to  the  chan,  all  of  us 
accompanying  him  in  great  parade  on  horfeback.  When 
we  arrived  at  the  court  of  the  palace  we  all  difmounted,  the 
colonel  excepted,  who  rode  up  to  the  palace,  where  he  was 
received  bv  one  of  the  chan’s  vaffals,  who  conducted  him 
into  the  hall  of  audience,  to  which  all  the  officers  followed 
him.  Chairs  covered  with  red  cloth  were  handed  to  us; 
after  which  we  were  prefented  with  coffee,  tea,  and  Iweet- 
meats ;  and  then  with  the  kallian ,  a  kind  of  machine  ufed 
for  fmoking  tobacco  through  water.  The  audience  lalted 
about  half  an  hour,  during  which  the  chan  fpoke  very  little, 
and  of  courfe  we  had  no  opportunity  for  much  converfation. 
When  the  audience  was  ended,  we  returned  to  our  lodgings 
in  the  chan’s  fummer  palace.  The  fireets  through  which  we 
.pafled  were  fo  full  of  people,  that  it  was  with  difficulty  we 
could  get  along. 

On  the  ill  of  March  we  continued  our  journey  towards 
Nachtfchiwan,  the  capital  of  Armenia;  but  when  we  arrived 
at  Derwifchlar,  fixty-nine  werlts  from  Eriwan,  we  were 
obliged,  on  account  of  the  danger  of  the  road,  to  return  to 
Eriwan,  as  the  Curds  along  the  river  Aras  were  in  a  hate  of 
infurredtion,  and  had  already  committed  many  adds  of  rob¬ 
bery.  Thefe  Curds  are  a  people  nearly  in  a  favage  fiate,  who 
lead  a  roving  life  among  the  mountains.  Their  habitations 
confift  of  a  kind  of  half  tent  made  of  a  fort  of  hair  cloth, 
and  which  has  a  refemblance  to  a  piquet  tent.  Such  tents 
are  inhabited  by  whole  families.  They  live  chiefly  on  vege¬ 
tables,  and  their  drefs  is  Turkifh. 

On  the  4th  we  arrived  again  at  Eriwan,  where  we  flaid  till 
the  18th,  when  we  fet  out,"  under  the_efcort  of  150  men,  for 
Nachtfchiwan,  which  we  reached  on  the  goth  of  March. 
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Che/hire  Cheefe  *. 

Preparation  of  the  Rennet . 

W  HEN  the  maw  (kin  conies  from  the  butcher,  the  chyly 
matter  is  taken  nut,  and  the  fkin  cleaned  from  dime  and 
every  apparent  impurity,  by  wiping  or  gently  wafhing.  The 
(kin  is  then  filled  nearly  full  of  fait,  and,  placing  a  layer  ot 
fait  upon  the  bottom  of  a  mug,  the  fkin  is  laid  flat  upon  it : 
this  mug  is  large  enough  to  hold  three  fkins  in  a  courfe  :  each 
courfe  of  fkins  fliould  he  covered  with  (alt;  and  when  a  fuffi- 
cient  number  of  fkins  are  thus  placed  in  the  mug,  that  mug 
fhould  be  filled  up  with  fait,  and,  with  adifh  or  flate  over  it, 
be  put  in  a  cool  place,  till  the  approach  of  the  cheefe-making 
feafon  the  following  year.  The  fkins  are  then  all  taken  out 
and  laid  for  the  brine  to  drain  from  them ;  and  being  fpread 
upon  a  table,  they  are  powdered  on  each  fide  with  fine  fait, 
and  rolled  fmooth  with  a  pafte  roller,  which  prefles  in  the 
fait.  After  that,  a  thin  fplint  of  wood  is  duck  aerojs  each 
of  thepr  to  keep  them  extended  while  they  are  hung  to 
dry.  Take  all  the  maw  fkins  provided  for  the  feafon,  pickled 
and  dried  as  before ;  put  them  into  an  open  veil'd  or  veflfels, 
and  for  each  fkin  pour  in  three  pints  of  pure  fpri ng  water. 
Let  them  {land  twenty-four  hours,  then  take  out  the  fkins, 
put  them  into  other  veffels ;  add  for  each  one  pint  of  fpring 
water,  let.  them  ftapd  for  twenty-four  hours  as  before.  On 
taking  the  fkins  out  the  fecond  time,  gently  broke  them 
down  with  the  hand  into  the  infuflon.  The  fkins  are  then 
done  with.  Mix  thofe  two  infufions  together,  pal's  the  liquor 
through  a  fine  linen  fieve,  and  add  to  the  whole  a  quantity  of 
fait,  rather  more  than  is  fufficient  to  faturate  the  water;  that 
is  to  fay,  until  a  portion  of  the  fait  remains  undifiblved  at  the 
bottom  of  the  veffel.  The  next  day,  and  alfo  the  fummer 
through,  the  fount  as  it  rifes  is  to  be  clearly  taken  off;  and 
as  the  liquor  fliould  not  be  differed  to  remain  without  a  por¬ 
tion  of  undififolved  fait  at  the  bottom,  it  will  be  neceflary  to 
add  frequently  frefli  fait,  as  that  which  was  diflblved  will 
gradually  fonrn  itfelf  into  cryflals,  and  he  taken  off  with  the 
riling  fcum.  Somewhat  lefis  than  a  wine  half-pint  of  this 
preparation  will  be  generally  fufficient  for  60  lbs.  of  cheefe. 
\Vhenevex  any  of  this  liquid  is  taken  out  for  ufe,  the  whole 
fhould  be  well  flirred  up. 

*  From  the  Agricultural  Report  of  that  County. 

Colouring 


Procefs  for  making  Chejhire  Cheefe ,  23  X 

Colouring  for  the  Chef /ire  Chafe, 

The  colouring  for  cheefe  is.,  or  at  lead  fhould  be,  Spanifli 
annotta;  but  as  foon  as  colouring;  became  general  in  this 
country,  a  colour  of  an  adulterated  kind  was  expofed  for  fale 
in  almoft  every  fliop :  the  weight  of  a  guinea  and  a  half  of 
real  Spaniffi  annotta  is  fufficient  for  a  cheefe  of  60  lbs. 
weight.  If  a  confiderable  part  of  the  cream  of  the  night’s 
milk  be  taken  for  butter,  more  colouring  will  be  requifite. 
The  leaner  the  cheefe  is,  the  more  colouring  it  requires.  The 
manner  of  ufing  annotta  is,  to  tie  up  in  a  linen  rag  the  quan¬ 
tity  deemed  fufficient,  and  put  it  into  half  a  pint  of  warm 
water  over  night.  This  infufion  is  put  into  the  tub  of  milk 
in  the  morning  with  the  rennet  infufion  ,*  dipping  the  rag 
into  the  milk,  and  rubbing  it  againft  the  palm  of  the  hand 
as  long  as  any  colour  comes  out. 

Setting  the  Cheefe  together . 

It  is,  w.e  believe,  generally  admitted,  that  not  only  the 
quantity,  but  the  quality  of  the  curd,  as  to  texture,  viz. 
fcoughnefs  or  otherwife,  depends  in  a  great  meafure  upon  the 
leny th  of  time  the  cheefe  is  in  coming;;  and  that  the  time, 
again,  depends  on  the  quantity  and  ftrengthof  the  coagulum 
ufed,  the  date  of  the  atmofphere,  and  the  heat  of  the  milk 
when  put  together.  In  this  ftage  of  the  art,  where  a  degree 
of  accurate  certainty  feems  to  be  required,  there  is  no  other 
guide  but  the  hand  and  the  external  feelings :  the  thermo¬ 
meter  of  a  Chefhire  dairy-woman  is  conftantly  at  her  fingers’ 
ends:  accordingly  the  heat  of  the  milk  when  let,  is  endeavoured 
to  be  regulated  by  the  fuppofed  warmth  of  the  room  and  the 
heat  of  the  external  air;  having  reference  alfo  to  the  quantity 
and  drength  of  the  deep,  fo  that  the  miik  may  be  the  proper 
length  of  time  in  fuffieiently  coagulating,  which  is  generally 
thought  to  be  about  an  hour  and  a  half.  The  evening’s  milk 
of  fuppofe  twenty  cows  having  ftood  all  the  night  in  the  cooler 
and  brafs  pans,  the  cheefemaker  in  dimmer,  about  fix  o’clock 
in  the  morning,  carefully  Ikims  the  cream  from  the  whole  of 
it,  obferving  firft  to  take  off  all  the  froth  and  bubbles,  which 
may  amount  to  about  a  pint;  this,  not  being*  thought  proper 
to  be  put  into  the  cheefe,  goes  to  the  cream-mug  to  be 
churned  for  butter;  and  the  red  of  the  cream  is  put  into  a 
brafs  pan.  While  the  dairy-woman  is  thus  employed,  the 
fervants  are  milking  the  cows,  having  previoufiy  lighted  a 
fire  under  the  furnace,  which  is  half  full  of  water.  As  foon 
as  the  night’s  milk  is  fkimmed,  it  is  all  carried  to  the  cheefe  - 
tub,  except  about  three-fourths  of  a  brafs  pan  full,  viz,  three 
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or  four  gallons,  which  is  immediately  placed  in  the  furnace  of 
hot  water  in  the  pan,  and  is  made  fealding  hot  ;  then  half  of 
the  milk  thus  heated  in  the  pan  is  poured  alfointo  the  cheefe  - 
tub,  and  the  other  half  is  poured  to  the  cream,  which,  as 
before  obferved,  is  fkimmed  into  another  brafs.  pan.  By  this 
means  all  the  cream  is  liquefied  and  ditTolved  fo  as  apparently 
to  form  one  homogeneous  or  uniform  fluid,  and  in  that  ftate 

O  y 

it  is  poured  into  the  cheefe-tub  ;  but  before  this  is  done  fe- 
veral  bowls  or  veffels  full  of  new  milk  will  generally  have  been 
poured  into  the  cheefe-tub,  or  perhaps  the  whole  morning’s 
milk.  Care  is  taken  to  fkim  oft'  all  the  air-bubbles  which 
may  have  formed  in  pouring  the  new  milk  into  the  cheefe- 
tub. 

The  rennet  and  colouring  being  put  into  the  tub,  the  whole 
is  well  ftirred  together,  a  wooden  cover  is  put  over  the  tub, 
and  over  that  is  thrown  a  clean  linen  cloth.  The  ufual  time 
of  coming  is  an  hour  and  a  half,  during  which  time  it  is  to 
be  frequently  examined  :  if  the  cream  riles  to  the  furface  be¬ 
fore  the  coming  takes  place,  as  it  often  does,  the  whole  mull 
be  ftirred  together,  fo  as  to  mix  again  the  milk  and  cream, 
and  this  as  often  as  it  rifes,  until  the  coagulation  commences. 
A  few  fmart  ftrokes  on  different  fides  of  the  tub  with  the 
cheefe- ladder,  &c.  will  forward  the  coagulation,  if  it  is  found 
too  long  in  forming.  If  the  dairy-woman  fuppofes  the  milk, 
&c.  to  be  accidentally  put  together  cooler  than  {he  intended, 
or  that  its  coolnefs  is  the  caufe  of  its  not  coming,  hot  water 
or  hot  milk  may  be  poured  into  it,  or  hot  water  in  a  brafs 
pan  may  he  partially  immerged  therein  :  but  this  muff  be 
done  before  it  is  at  all  coagulated;  for,  after  that  takes  place, 
though  but  imperfectly,  it  muff;  not  he  tampered  with  fo  as 
to  break  the  forming  curd,  for  a  confiderable  part  of  the 
cream  would  thereby  be  directed  into  the  whey,  and  the 
quantity  of  curd  much  leffened.  Before  the  coagulation 
takes  place,  an  additional  quantity  of  rennet  may  alfo  be  put 
in,  if  thought  neceffary  ;  but  this  will,  after  coagulation,  be 
added  with  little  efte£t,  as  no  means  can  be  ufed  to  mix  it  with 
the  whole  inafs  without  difturbing  the  forming  curd.  If  the 
cheefe  has  been  fet  together  hotter  than  it  was  meant  to  he, 
the  onpoftte  means,  under  the  fame  precautions,  may  be  re¬ 
curred  to.  But  the  more  general  practice  is,  to  fuffer  the 
procefs  to  proceed  hot  as  it  is,  until  the  firft  quantity  of  whey 
is  taken  off ;  a  part  of  which,,  being  fet  to  cool,  is  returned 
into  the  tub  to  cool  the  curd.  When  the  cheefe  happens  to 
come  much  fooner  than  a  proper  time,  owing  to  too  great  a 
degree  of  heat  in  the  milk  in  fetting  or  putting  together,  or 
too  great  a  ftrength  of  fteep,  there  is  lefs  curd,  and  it  is  con- 
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fiderably  tougher  than  when  the  milk  has  been  fet  cooler  to¬ 
gether  than  ufual,  or  when  too  little  fteep  has  been  ufecL 
In  the  latter  cafe,  the  curd  is  exceedingly  tender:  and,  when 
that  fo  happens,  a  part  of  the  whey  is  taken  out  of  the  cheefe- 
tub,  and  heated  as  much  as  may  be  thought  fufficient  to  give 
to  the  curd,  when  mixed  with  it,  a  proper  degree  of  tough - 
nefs.  In  an  hour  and  a  half,  as  mentioned  before,  if  all  goes 
on  well,  the  coagulation  will  be  formed.  This  point  is  deter¬ 
mined  by  gently  prefling  the  furface  of  the  milk  with  the 
back  of  the  hand. 

Breaking  down  the  Curd ,  Gatherings  c. 

If  the  milk  has  been  fet  together  very  warm,  the  curd,  as 
before  obferved,  will  be  firm  :  in  this  cafe,  the  ufual  mode  is 
to  take  a  common  cafe  knife,  and  make  ineifions  acrofs  it  to 
the  full  depth  of  the  knife’s  blade,  at  the  diftance  of  about 
one  inch  ;  and  again  crofsways  in  the  fame  manner,  the  in- 
cifions  interfering  each  other  at  right  angles.  The  whev 
riling  through  thefe  ineifions  is  of  a  fine  pale-green  colour. 
The  cheefe- maker  and  two  affiftants  then  proceed  to  break 
the  curd;  this  is  performed  by  their  repeatedly  putting  their 
hands  down  into  the  tub,  the  chcefe-maker  with  the  ikim- 
ming-difh  in  one  hand  breaking  every  part  of  it  as  they  catch 
it,  railing  the  curd  from  the  bottom,  and  fiill  breaking  it. 
This  part  of  the  hufinefs  is  continued  till  the  whole  is  broken 
uniformly  fmail :  it  generally  takes  up  about  forty  minutes, 
and  the  curd  is  then  left  covered  over  with  a  cloth  for  about 
half  an  hour  to  fubfide.  If  the  milk  has  been  fet  cool  together, 
the  curd,  as  before  mentioned,  will  be  much  more  tender, 
the  whey  will  not  be  fo  green,  but  rather  of  a  milky  appear¬ 
ance.  The  cheefe-maker  in  this  cafe,  inftead  of  the  knife, 
has  recourfe  to  the  fkimming-difh,  the  edge  of  which  ibe 
holds  perpendicular  to  the  furface  of  the  whev  in  the  tub, 
and  dips  it  gently  an  inch  or  two  into  the  curd,  turning  it 
over,  until  the  whole  furface  is  thus  turned.  The  breaking 
then  proceeds  as  before ;  but  a  cautious  and  gentle  mode  of 
doing  it  is  more  neceflary  than  in  the  former  cafe.  Rather 
more  time,  of  courfe,  is  neceflary  for  breaking  down  a  cold 
than  a  hot  cheefe;  but  when  fufficiently  broken,  it  is  covered 
over,  and  left  to  fubfide  as  before.  Alter  handing  about  half 
an  hour,  as  much  whev  is  taken  out  of  the  tub  into  the  bra  Is 
pans  as  conveniently  may  be,  without  taking  any  of  the  curd 
with  it.  The  bottom  of  the  tub  is  now  fet  rather  a- tilt,  the 
curd  is  collected  to  the  upper  fide  of  it,  a  board  is  introduced 
of  a  femicircular  form  to  fit  loofely  one-half  of  the  tub’s  bot¬ 
tom.  This  board  is  placed  on  the  curd;  and  a  60  lb.  weight 
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upon  it,  to  prefs  out  the  whev,  which  draining  to  the  lower 
tide  of  the  tilted  ,tub,  is  laded  out  into  brals  pans.  Such 
parts  of  the  curd  as  are  preffed  from  under  the  board,  are  cut 
off  with  a  knife,  placed  under  the  weighted  board,  and  again 
preffed.  This  is  repeated  again  and  again,  the  whey  being 
conftantlv  laded  out  as  it  drains  from  the  curd.  The  whole 
mats  of  curd  is  then  turned  uplide  down,  put  on  the  other 
fide  of  the  tub,  again  preffed,  pared,  and  preffed  as  before. 

The  board  and  weight  being  removed,  the  curd  is  cut  into 
feveral  pieces  of  about  eight  or  nine  inches  fqu are,  piled  upon 
each  other,  and  preffed  with  the  board  and  weight,  repeating 
the  cutting  and  piling,  as  long  as  any  whey  drains  from  it. 
ft  fcarcely  need  be  added,  that  the  more  gently  the  whole  of 
the  bufiaefs  in  the  tub  is  performed,  the  more  perfect  will  be 
the  reparation  of  curd  and  whey. 

The  next  thing  is. to  break  the  curd  in  a  brafs  pan.  After 
being  preffed  in  the  tub  as  long  as  any  conllderable  quantity 
of  whey  drains  from  it,  the  curd  is  cut  into  nearly  three 
equal  portions;  one  of  which  is  taken  into  a  brafs  pan,  and 
is  there,  by  twfo  women,  broken  exceedingly  fine.  As  foon 
as  it  is  coarfelv  broken,  a  large  handful  of  fait  is  added, 
which  in  the  fublequent  breaking  is  well  mixed  with  the 
curd;  that  portion  of  curd,  being  fnfficiently  broken,  is  put 
into  a  cheele-vat,  which  is  placed  to  receive  it  on  a  cheefe- 
ladder  over  the  cheefe-tub  :  the  vat  is  generally  furnifhed 
with  a  coarfe  cheefe- cloth.  The  fecond  and  third  portions 
of  the  curd  are  treated  in  the  fame  manner,  and  emptied  into 
the  vat ;  lometimes  five  or  fix  times  the  quantity  of ,  fait  is 
added  to  the  middle  portion  of  the  curd ;  others  fait  all  alike. 
The  breaking  takes  up  more  or  lefs  time  as  the  cheefe  was  let 
together  hotter  or  colder;  half  an  hour  is  perhaps  the  longelt 
time. 


Thrujlbig  or  FI ; nd -prefji?ig  the  Cheefe  into  the  Vat, 

i  he  curd,  when  put  into  the  cheefe- vat  in  its  broken  date, 
is  heaped  above  the  vat  in  a  conical  form,  to  prevent  it  from 
crumbling  down  ;  the  four  corners  of  the  cheefe- cloth  are 
turned  over  it,  and  three  women,  placing  their  hands  againft 
the  conical  part,  gently  but  forcibly  prefs  it  in  nearly  a  ho¬ 
rizontal  direction,  conftantiv  {hitting  their  hands  when  any 
portion  of  the  curd  is  ffarting  from  the  mafs,  and  turning 
down  and  folding  up  the  cloth  as  occafion  requires.  As  foon 
as  the  curd  adheres  together  fo  as  to  admit  it,  a  fmall  fquare 
board,  with  a  corner  of  the  cloth  under  it,  is  put  on  the  top 
of  the  conical  part  of  the  curd,  with  a  60  lb.  weight  upon 
the  board.  Several  iron  ikewers  are  at  this  time  ft uck  in 
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the  cone,  and  alfo  through  holes  in  the  tides  of  the  vat.  Se¬ 
veral  ufe  a  wooden  lever  to  prefs  down  the  cheefe. 

The  employment  of  the  women  is  now  drawing  out  and 
putting  in  the  (kewers ;  thrufting  and  keeping  together  the 
portions  of  the  curd,  that  the  power  of  the  weight  or  lever 
difplaces.  This  operation  is  continued  until  the  whey, 
which  at  firft  ran  from  it  freely,  begins  to  be  difcharged  hy¬ 
drops  ;  the  weight  and  fkewers  are  then  removed,  and  one 
woman  takes  up  the  corners  of  the  cloth,  while  the  others 
break  the  curd  half  way  to  the  bottom  of  the  vat,  as  fmall  as 
they  can. 

Some  people  ufe  a  wooden  or  tin  hoop,  nine  inches  broad, 
lnltead  of  holding;  up  the  corners  of  the  cloth  during  this 
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breaking.  After  the  upper  half  of  the  cheefe  is  thus  broken, 
a  weight  or  other  power  is  again  applied  to  it,  and  is  Ikew- 
ered  and  thrufted  as  before :  at  firft  the  whey  again  runs 
freely,  and  the  operation  is  continued  as  long  as  thofe  means 
will  prefs  out  a  drop  of  whey.  Two  of  the  women  then  take 
the  four  corners  of  the  cloth,  the  fkewers,  See.  being  re¬ 
moved  ;  and  the  other  woman  lays  hold  of  the  vat  which  is 
drawn  from  the  cheefe ;  and  after  rinfing  it  in  warm  whey, 
and  putting  another  clean  cloth  over  the  upper  part  of  the 
cheefe,  it  is  returned  inverted  into  the  vat  again,  and,  being 
placed  on  the  1-adder  over  the  tub,  is  broken  half  way  through, 
as  before ;  thrufting,  weighting,  and  fkewering,  Sec.  is  re¬ 
peated,  and  continued  from  two  to  four  hours,  or  as  long  as 
a  drop  of  whey  can  be  extracted  from  the  cheefe. 

Putting  the  Cheefe  into  the  Vrefs. 

When  no  more  whey  can  be  extracted  by  the  aforefaid 
means,  the  cheefe  is  again  turned  into  the  vat  and  rinfed,  as 
before,  with  warm  whey.  The  cloth  now  made  ufe  of  is 
larger  and  finer  than  the  former,  and  is  fo  laid  that  on  one 
tide  it  fhs.ll  be  level  with  the  fide  of  the  vat,  and  on  the  other 
wrap  over  the  whole  furface  of  the  cheefe,  and  the  edges  put 
within  the  vat ;  thus  perfectly  inclofing  the  whole  cheefe  in. 
the  cloth.  In  this  llage  of  the  bufinefs,  the  cheefe  is  hill 
higher  than  the  edge  of  the  vat ;  and  to  preferve  it  in  due 
form  recourfe  is  had  to  a  tin  binder  or  hoop,  about  three 
inches  broad,  which  is  put  round  the  cheele  on  the  outfide 
of  the  cloth,  and  the  lower  edge  of  the  binder  preffed  down 
within  the  vat,  fo  low  as  that  the  upper  edge  of  it  may  he 
level  with  the  furface  of  the  cheefe.  The  cheeie  is  then  car¬ 
ried  to  the  prefs  ;  and  a  frnooth  ftrong  board  being  placed 
over  it,  the  prefs  is  gently  let  down  upon  it;  the  ulual  power 
of  which  prefs  is  about  14  or  1300  lb.,  weight. 
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As  foon  as  the  cheefe  is  put  into  the  prefs,  it  is  well 
fkewered ;  the  (kewers  are  of  a  flrong  iron  wire,  18  or  20 
inches  long,  (harp  at  the  points,  and  turned  with  a  bow  at 
the  other  end.  The  vat  and  tin  binder  have  holes  to  re¬ 
ceive  the  fkewers,  efpecially  the  binder,  which  holes  are  fel- 
dom  more  than  one  inch  from  each  other.  As  the  prefs  (lands 
clofe  to  a  wall,  only  one  fide  of  the  cheefe  can  be  fkewered 
at  a  time;  therefore  as  many  fkewers  are  ftuck  in  different 
directions  as  conveniently  may,  leaving  as  many  holes  un- 
fkewered  as  are  fkewered,  to  give  an  opportunity  of  changing 
the  holes.  The  bufinefs  of  fkewering  continues  till  the  next 
morning  at  fix  o’clock,  and  in  that  time  the  oftener  they  are 
fhifted  the  better ;  every  fecond  time  of  drifting  them  the 
cheefe  is  turned  half  way  round  in  the  prefs,  to  come  at  the 
other  fide  of  it.  In  half  an  hour  from  the  time  the  cheefe  is 
firli  put  into  the  prefs,  it  is  taken  out  again  and  turned  in 
the  vai  into  another  clean  cloth.  At  this  time  the  edges  of 
the  cheefe  are  pared  off,  if  they  have  become  (harp  under  the 
prefs  ;  but  as  the  vats  are  now  ufually  made  with  the  angles 
rounded,  the  paring  is  rendered  unneceffary,  the  vat  being 
wiped  dry  before  the  cheefe  is  returned  to  it. 

When  the  cheefe  is  thus  the  firff  time  taken  out  of  the 
prefs,  it  is  the  cuftom  of  forne  places  to  put  it  into  warm,  and 
in  others  into  hot  whey,  where  it  (lands  an  hour  or  more. 
It  is  then  taken  out,  wiped  dry,  and  after  it  has  flood  till 
cool,  it  is  returned  back  to  the  prefs.  This  is  done  with  a 
view  to  hardening  its  coat,  that  it  may  (land  the  better.  At 
fix  o’clock  in  the  evening  the  cheefe  is  a  mi  in  turned  in  the 
vat  into  another  clean  cloth.  At  this  and  the  former  turning, 
fome  dairy-women  prick  the  upper  furface  of  the  cheefe  all 
over,  an  inch  or  two  deep,  before  it  is  replaced  under  the 
prefs,  with  a  view  of  preventing  blifters.  At  fix  o’clock  in 
the  morning  it  is  again  turned  in  the  vat,  with  a  clean  cloth 
as  before.  The  fkewers  are  now  laid  afide.  When  the  next 
clay’s  cheefe  is  ready  for  the  prefs,  the  former  one  is  again 
turned  in  the  vat  with  a  clean  cloth,  and  put  under  another 
prefs.  At  fix  o’clock  in  the  evening,  and  at  fix  the  morning 
following,  it  is  again  turned  in  the  vat,  ufing  at  thefe  two 
fail  turnings  two  cloths  finer  than  thofe  before  ufed,  in  order 
that  as  little  impreffion  as  pofiibie  from  the  cloth  may  remain 
.on  the  coat  of  the  cheefe. 

Salting  the  Cheefe. 

Four  or  five  days  after  the  cheefe  has  been  under  the 
prefs,  a  frefh  fine  cloth  is  put  under  it,  which  ferves  only  as 
a  lining  to  the  vat,  and  is  not  turned  over  the  upper  furface 
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of  the  cheefe,  as  has  been  hitherto  the  cafe.  It  is  then  taken 
and  placed  nearly  midfide  deep  in  brine  in  a  falting  tub ;  the 
upper  furface  of  the  cheefe  being  covered  all  over  with  fait. 
It  hands  generally  about  three  days  in  the  falting  tub;  is 
turned  daily,  and  each  turning  well  falted,  the  doth  being 
twice  changed  in  the  time.  The  cheefe  is  then  taken  out  of 
the  vat,  and  in  lieu  of  which  a  wooden  girth  or  hoop  is  made 
life  of,  equal  in  breadth  nearly  to  the  thicknefs  of  the  cheefe  : 
in  this  it  is  placed  on  the  fa! ting-benches,  where  it  hands 
about  eight  days,  being  well  falted  all  over,  and  turned  each 
day.  The  cheefe  is  then  wafhed  in  luke-warm  water;  and 
after  being  dried  with  a  cloth,  it  is  placed  on  the  drying- 
benches,  where  it  remains  about  feven  days  :  it  is  thei^ 
wafhed  in  warm  water,  as  before,  with  a  brufh,  and  wiped 
dry  with  a  cloth  :  after  it  has  hood  about  two  hours  from 
this  wafhintr,  it  is  fmeared  all  over  with  about  two  ounces  of 
fweet  whey  butter,  and  then  placed  in  ike  warmed  part  of 
the  cheefe-room. 

Cheefe-Room. 


During  the  firft  feven  days  it  is  rubbed  every  day  well  over, 
and  generally  fmeared  with  fweet  whey  butter.  Afterwards 
a  circular  fpace  is  left  unrubbed  of  four  or  five  inches  dia¬ 
meter,  in  the  centre  of  each  fide  the  cheefe,  which,  as  long 
as  it  is  afterwards  kept,  is,  or  fhould  be,  turned  daily,  and 
rubbed  three  times  a  week  in  fummer  and  twice  in  winter. 
Scraping  the  rind  fhould  be  rendered  unnecefTary  by  frequent 
cleanings.  In  a  warm  room  the  coat  will  be  eafily  prevented 
from  rifing.  Thefe  cheefe- rooms  are  commonly  placed  over 
the  cow-houfes,  and  this  is  done  with  a  view  to  obtain  that 
moderate  and  neceffary  degree  of  temperature  fo  effential  to 
the  ripening  of  cheefe,  to  which  the  heat  arifing  from  the 
cattle  underneath  is  fuppofed  very  much  to  contribute.  The 
moft  defirable  covering  for  a  cheefe-room,  as  contributing  to 
that  temperature  fo  much  defired,  is  thatch,  for  reafons  that 
niuft  be  obvious.  Before  the  cheefe  is  brought  into  the 
rooms,  the  floors  are  moftly  well  littered  with  what  the 
farmers  here  call  fniddle ,  though  wheat  llraw  is  frequently 
made  ufe  cf  for  this  purpofe,  but  the  knots  of  it  are  apt  to 
leave  an  impreffion  on  the  cheefe.  The  arterneath  of  grafs 
well  dried  feerns  to  be  a  good  fubftitute  for  fniddle. 
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XL,  On  the  Antiquity  and  Invention  of  Fire  Engines.  By 

Fro/e  for  Beckmann, 

An  examination  of  the  invention  of  forcing  phmps  I 
fhall  leave  to  thofe  who  may  be  difpofed  to  write  a  hiftory  of 
hydraulics;  I  fhall  however  obferve,  that,  on  the  teftimony 
of  Vitruvius  *,  they  are  generally  afcribed  to  Ctefibius;  that 
on  this  account  they  are  ufually  called  machine  Ctejibicee ;  and 
that  Ctefibius  lived  at  Alexandria  about  the  time  of  Ptolemy 
Philadelphia  and  Ptolemy  Euergetes  I. ;  consequently,  about 
two  hundred  years  before  the  Chriftian  tera.  My  objedf  here 
Is  to  lav  before  the  reader  what  information  I  have  been  able 

j 

to  collect  refpedting  the  question,  At  what  time  did  thefe  ma¬ 
chines  begin  to  be  employed  for  extinguishing  fires? 

To  render  them  fit  for  this  purpofe,  it  was  neceffary  that 
fome  alteration  Should  be  made  in  their  conftrudlion,  as  at 
fir  ft  they  were  employed  only  in  the  railing  of  water.  To 
render  them  fit  for  extinguishing  fires,  it  was  neceffary  that 
the  water  fhould  be  forced  through  the  upper  aperture  to  as 
great  a  height  as  poffible ;  whereas,  for  the  former  purpofe,  it 
is  enough  if  it  flows  from  the  upper  aperture  in  iufficient 
quantity  into  the  refervoir,  from  which  it  is  to  be  conveyed 
to  the  place  of  its  deltination.  In  this  cafe,  the  apparatus 
required  for  a  machine  to  be  ufed  as  a  fire  engine  would  be 
adefedl;  as  the  power  which  communicates  to  the  water 
Its  velocity  might  be  employed  with  more  advantage  to  rails 
a  larger  quantity. 

In  my  opinion,  it  is  highly  probable  that  Ctefibius  had  an 
idea  of  converting  his  forcing  pump  into  a  fire  engine;  for 
his  fcholar  Hero  of  Alexandria  fpeaks  exprefsly  of  this  ap¬ 
plication,  and  defcribes  the  method  of  conftmciing  a  kind 
of  engine  with  two  cylinders  fj  but  it  is  doubtful  whether 
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*  Lib.  x.  c.  12.  p.  347.  compare  alfo  lib.  ix.  c.  9.  p.  321. 
f  In  that  work  entitled  nysvy.ariH.ei,  or  Spiriialia.  It  may  be  found  with 
a  Latin  tranflation  in  the  Veterum  Mathematicorum  Opera.  Parifiis,  1693. 
folio.  In  p.  180,  the  following  p alfage  occurs  :  'O:  fc  «-t<f>ans?,  01 (  ^pcevrat 
tt;  roi;  E'UTrpr^uot?,  y.ctTctrxi‘jct£oyrai  ovru;.  Sipnones,  quibus  utuntur  ad  in- 
cendias,  hoc  modo  conftruunrur.  The  annexed  drawing  rep'reients  an 
engine  with  two  cylinders.  Rcfpe<5ling  the  other  editions  of  this  work 
fee  Fubriai  Bibliotheca  Gra'ca,  vol.  ii.  p,  593,  where  the  Latin  tranflation 
which  I  have  in  my  poffefiion  is  omitted.  It  is  entitled  Heronis  Alex- 
andrtni  Spiritalium  Liber.  A  Federico  Commandino  Urbinaie  ex  Graeco  mi  per 
in  Latinum  converfus.  Parifiis  apud  Aeg.  Gorbinum,  1583.  4m.  This 
edition  ends  with  the  words  el  mag  is  continuata  con-ver/io  fiat,  which  in 
the  Paris  edition  hand  in  p.  230.  It  wants  alfo  the  end  of  the  Paris  edi¬ 
tion  from,  the  words,  Ffi omodo  animal  dividalur  et  bibat ,  to  ct  tunc  oblato 
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tills  application  of  the  forcing  pump  foon  became  common, 
and  whether  the  antient  Romans  were  in  poffeffion  of  this 
ufeful  machine.  All  that  I  know  on  the  fubjett  is  as  fol¬ 
lows  : 

#  Pliny  the  younger  informs  the  emperor  Trajan  in  one  of 
his  letters,  that  the  city  of  Nicomedia  in  Bithynia  had  been 
ahnoft  entirely  deftroved  hr  fire  ;  and  that  the  devaluation 
had  been  greater  becaufe  a  violent  l'torm  had  taken  place 
during  the  conflagration,  and  becaufe  there  was  no  apparatus 
in  the  city  for  extinguifhing  fires  #.  The  Jipho  here  men¬ 
tioned  by  Pliny  feems,  beyond  doubt,  to  have  been  the  fire 
engine  of  Ctefibius ;  though  among  the  other  articles  we  are 
to  underhand  water  conduits,  and  pipes  employed  for  con¬ 
veying  water  into  the  city.  I  muff  however  confefs  that  the 
word  Jipho  fignilies  alfo  pipes  of  this  kind:  and  particularly 
in  a  p alfage  of  Strabo  f,  where  he  fpeaks  of  the  fubterranean 
conduits  at  Rome,  and  fays,  that  almoft  all  the  houfes  had 
cifterns,  ), iphones ,  or  water  pipes,  and  running  ffreams.  But 
Pliny  mentions  at  the  fame  time  water  buckets,  which 
are  to  be  conlidered  as  an  appendage  abfolutely  neccftary  to 
fire  engines.  It  is  alfo  hardly  pofhble  to  believe  that  a  city 
fituated  as  Nicomedia  was,  clofe  to  a  bay  J,  fliould  be  in 
want  of  water. 

But  I  can  produce,  and  I  believe  I  am  the  firfi:  to  do  fo, 
for  I  do  not  find  that  it  has  ever  been  mentioned  by  any 
other  writer,  a  very  ftrong  proof  from  a  cotemporary  author. 
Apollodorus  the  architect,  who  was  employed  by  the  emperor 
Trajan  in  conftrudting  the  celebrated  bridge  0:1  the  Danube, 
and  in  completing  fome  extenfive  works  at  Rome;  and  who, 

poculo  bibet.  More  informarion  refpedting  Hero  may  be  found  in  Heron? s 
Cte fibil  Belopoeeka,  hoc  eji  'Jelifatiina,  Bernardino  Baldo  Urbinate  GuaJtalUe 
Abbate  Lllujlratore  et  Interprete.  hem  Heronis  Hit  a  eodem  Audi  ore,  Au¬ 
gusts  Vindel.  1616.  4to.  See  alfo  Heronis  Alex.  Vilayet  Script  a  et  qua*- 
dam  Imventa,  hr  refute  R-  A.  Wagners,  And  ore  J.  A,  Sebmidt.  Helm  had  ii 
1714.  4to. 

#  Epiji.  42.  lib.  x.  Incendium  latius  fparfum  ;  primum  violentia  venti, 
deinde  inertia  hominum,  quod  fatis  conllat,  otiofos  et  immobiles  tanti  mail 
lpebtatores  perffitiffe,  et  alioqui  nullus  ufquam  in  publico  fipho,  nulla 
llama,  nullum  denique  inftrumentum  ad  incendia  cornpefcenda,  et  ha;c 
quidem  ut  jam  prrecepi,  parabantur. 

•j*  Lib.  V.  edit.  Almel.  p.  360.  Taewrav  S'Vri  to  surayMyifitov  iiStop  hz  nxv 
Ityxycoysic vv,  iroTauow;  Six  tkj  7 raXe<w£  r^v  virovoixW  patv,  xttcvtxv  J*  .oixiiiv 
v/Soov  ya;  nzi  v.ai  y.povvwc  a.&Qovcvt;.  1  antum  aqua;  p^T 

aqux-dudtus  in  urbem  derivatur,  ut  liumina  perurbem  et  cioacam  laban- 
tur,  et  quselibet  propemodum  domus  cifternas,  tubulos  ac  canales  habeat 
copiofos.  Compare  Lipfius  de  MagnUudine  Romatta,  Antwerp  159S.  fo!; 
lib.  iii.  c.  ix.  p.  1 8 x . 

f  P  lint  us  v.  cap.  alt.  Eft  in  intimo'fmu  (  Aftaceno)  Nicomedia  Bithy- 
niae  prxclara. 
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;is  we  are  told  by  Dio  Caffius,  was  put  to  death  by  TrajaiFs 
fuccefifor,  Adrian,  on  account  of  a.  fneerirsg  anfwer  which  he 
gave  to  that  prince,  tells  us,  in  the  remains  of  his  work  on 
warlike  machines,  what  methods  are  to  be  employed  when 
the  upper  part  of  an  edifice  is  on  fire,  and  the  machine  called 
Jipho  is  not  at  hand.  In  this  cafe,  fays  he,  leather  bags  filled 
with  water  muft  be  fattened  to  long  pipes  in  fuch  a  manner 
that,  by  p  re  fling  the  bags,  the  water  may  be  forced  through 
the  pipes  and  thrown  on  the  place  which  is  on  fire  *.  The 
Jipho ,  therefore,  was  a  machine  by  means  of  which  water 
could  be  thrown  to  a  height  on  places  on  fire,  and  which 
could  not  be  reached  in  any  other  manner. 

That  in  the  fourth  century,  at  leaft,  a  fire  engine  properly 
fo  called  was  und'erftood  by  the  term  Jipho,  is  fully  proved  by 
Hefychius  f  ;  as  alfo  by  Ifidore,  who  lived  in  the  beginning 
of  the  feventh  century  J.  The  latter  remarks,  that  fuch  en¬ 
gines  were  employed  in  the  eaft  for  extinguifhing  fires;  and 
thence  there  is  almoft  reafon  to  conclude  that  they  were  not 
then  n fed  in  the  weff. 

It  now  remains  to  determine  the  qncflion,  at  what  time 
fuch  apparatus  for  extinguifhing  fires  began  to  be  employed 
at  Rome.  From  the  regulations  for  guarding  againft  acci¬ 
dents  by  fire,  and  in  regard  to  extinguifhing  fires,  which 
occur  in  the  Roman  code§,  one  might  be  induced  to  fuppofe 
that  this  capital  muft  have  been  furnifhed  with  thofe  necef- 
fary  machines,  of  the  want  of  which,  in  a  provincial  city, 

:r  Poliorcetica ,  p.  32.  in  Veterum  Mathematic.  Oper.  Kav  mv  axpeu-rspov 

y.VAVTct.1  Xvmrioctr,'**''  n  St  opyavov  0  KctXurcti  cteptw,  xaXa/aoi  TraXiv  T£rpy[A,[Atvei 
&.-<T7rep  ci  rxv  ifjvTxv,  a^ote^cvTai,  errov  Sei  <pspttv  auro-j;  he up,  aerx.01,  n  7>\npu;  ms£o- 
(a.zvoi  £nQ\i£ev(rt  St  avrxv  tm  tov  x&nfxtvov  tottw.  Si  forte  extremitas  aliqua,  ad 
quam  difficilis  fit  afeenfus,  ardcat,  nec  praftto  fit  inftrumentum  illud  quod  vo- 
catur  fipho,  arundines  rurfus  perforata,  cujufmodi  funt  aucupum,  aptantur 
in  iis  locis  quo  aquam  ferre  eas  oportet,  et  utres  aqua  pleni  prefix  aquam 
ejaculantur  in  locum  qui  igni  confumitur. 

t  opy&vov  rt  mpotiTj  hS-iTMv  sv  ret;  e/A7rpKcr/uoi;.  Infirumentum  ad 

ejaculandas  aquas  adverfus  incendia. 

+  Origins s  xx.  6.  Siphon  vas  appellatum  quod  aquis  fuffiando  fundat; 
utuntur  enim  hoc  Orientales.  Nam  ubi  fen (erint  dorautn  ardere,  cur« 
runt  cum  fiphonis  plenis  aquis  et  extinguunt  incendia,  fed  et  cum  aras  ex¬ 
press  ad  fuperiora  aquis  emundant.  In  many  places  hand  engines  are 
ufed  in  the  like  manner  for  walhing  the  windows  of  the  upper  ftories. 

§  See  Digeji.  i.  tit.  15.  where  it  is  recommended  to  all  perfons  to  keep 
water  by  them  in  their  houfes.  Ut  aquam  unufquifque  in  coenaculo  (the 
upper  ftories  ?)  habeat,  jubetur  admonere.  Alfo  Digeji.  xlvii.  tit.  9.  many 
things  relating  to  this  fubjett  may  be  found  in  L.  A.  Hambergeri  O/mfcula, 
Jenae  et  Lipf.  1740.  8vo.  p.  12.  in  the  diftertation  de  Incendiis.  The  fol¬ 
lowing  diftertations.  which  I  have  not  leen,  contain  alfo  information  re- 
fpedhng  the  police  regulations  of  the  Romans  in  regard  to  fires.  G  C. 
Marquarti  dc  cvra  Romdnorum  (Area  Incendia,  Lipf.  1689.410.  E.  Ot> 
tonis  DiJJert .  de  QJJicio  Prafefti  Figilum  circa  Incendia ,  Uitrajedti,  1733. 


Invention  of  Fire  Engines.  241 

Pliny  complains,  and  which  he  had  himfelf  {applied.  This 
conjecture,  however,  I  cannot  confirm  ;  and  antient  as  well 
as  modern  examples  prove  that  the  police  regulations  efta- 
blifhed  in  fmall  towns  are  riot  always  to  be  found  in  capitals. 
Antioch  and  fevCral  cities  had  ftreet-lanterns,  which  were 
wanting  in  the  proud  Rome.  Rut  what  excites  fome  doubt 
is,  that  thefe  fire  engines  are  never  mentioned  in  the  Roman 
laws,  nor  in  the  accounts  of  the  fires  which  frequently  hap¬ 
pened  at  Rome.  When  a  misfortune  of  this  kind  happens 
at  prefent,  it  is  always  mentioned  whether  a  fufficient  number 
of  engines  were  prefent,  and  what  effect  they  produced ;  and 
Pliny,  indeed,  does  not  omit  them  in  the  fliort  account  he 
gives  of  the  fire  atNicomedia. 

Gnq  paffage  only  in  Ulpian  is  commonly  produced  as  a 
proof  that,  in  his  time,  there  were  fire  engines  at  Rome. 
Where  he  enumerates  thofe  things  that  belong  to  a  houfe 
when  fold,  he  mentions,  beiides  other  articles,  th e  f phones  * 
employed  for  ex tingui filing  fires.  Brit  if  this  term  here 
means  a  fire  engine,  the  paffage  appears  to  pfove  too  much  ; 
for,  in  that  cafe,  we  mull  believe  that  each  houfe  then  was 
furni (bed  with  an  engine  of  its  own:  if fo,  thefe  engines 
mull  have  been  fmall  portable  ones,  fuch  as  are  common  in 
friany  houfes  at  prefent ;  and  the  paffage  therefore  cannot  be 
adduced  as  a  proof  of  public  engines,  fuch  as  Pliny  regrets 
tiff  \vant  of  at  Nicomedia.  But  it  is  more  probable  that 
Ulpian  only  alludes  to  thofe  f phones  which  according  to 
Strabo’s  account  were  to  be  found  in  every  hOufe  at  Rome ; 
that  is,  pipes  which  conveyed  water  into  them  for  clomeftic 
purpofes.  From  the  total  want  of  fire  engines,  or  the  im- 
perfebf  manner  in  which  they  were  con ftr ubfed,  what  Seneca: 
fays  muff  have  been  very  true,  that  the  height  of  the  houfes 
at  Rome  rendered  it  impoffible  to  extinguifli  the  fires  which 
happened  in  that  city  f.  That  the  houfes  there  were  exceed¬ 
ingly  high,  and  the  fireets,  bridges,  and  highways,  very  nar- 


*  Digeji.xxx iii.  7.  18.  Acetum  quoque,  quod  extinguendi  incendii  caufa 
paratur,  item  cemones,  ftp  hones,  perticEfc  quoque  et  fcalae,  et  formiones  et 
fpongias  et  hacnas  et  fcopas  contineri,  plerique.et  Pegafus  aiunt.  Alex¬ 
ander  ab  Alexandre,  whofe  authority  however  is  not  dechive,  undeiftands 
here  engines.  Dier .  Genial,  v.  24.  p.  342.  Siphones  veto,  fiilulas  fol- 
libus  junbtas  feu  machinas  hydrauheas, quibus  agitatis,  at  luperiora  aediuni 
exhauriunt  aquam,  qui  etiam  organa  pneun^atica  diet i.  Th zfe  fjlulcs  JoU 
libus  j uniice,  which  no  commentator  has  explained,  are  thole  tubes  which 
were  before  propofed  by  Apollodorus. 

t  Controverf.  ix.  lib.  2.  p.  153.  JEdes,  quas  in  tantum  exftruxere,  ut 
domus  ad  ufum  et  munimentum  paratse,  lint  nunc  periculo,  non  praelidio  5 
tanta  altitudo  aedificiorum  eft,  tantaeque  viarum  anguftire,  ut  neque  ad- 
verfus  ignem  praefidium,  neque  ex  minis  ullurn  ullam  in  partem  effu- 
gium  fit. 
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row,  is  .well  known.  Archenholz  * * * § **  and  others  are  of  opi¬ 
nion,  that  the  houfes  were  ralfed  to  Inch  a  height  on  account 
of  the  great  heat  in  that  warm  climate;  but  the  principal 
caufe  was  that  affigned  by  Vitruvius  f,  and  which  ftdl  pro¬ 
duces  the  fame  effect.  For  want  of  room  on  the  earth,  the 
buildings  were  extended  towards  the  heavens;  fo  that  at  lad. 
the  greateft  height  of  an  edifice  was  fixed  by  a  law  at  70, 
and  afterwards  at  60  feet.  In  Hamburgh  at  prefent,  where 
ground  is  valuable,  and  (till  becoming  more-  fo,  mod  of  the 
houfes  are  60  feet,  and  fome  70  feet  in  height ;  and  how 
much  this  height,  notwithftanding  the  perfedtion  to  which 
fire  engines  have  been  brought,  renders  the  extinguifldng  of 
fires  difficult,  and  often  knpoffible,  is  fiiown  by  the  melan¬ 
choly  indance  of  Gera,  where  the  houfes  are  built  lower. 
With  Neubert’s  engine,  which  was  tried  at  Hamburgh  in 
1769,  eight  fire-men  raifed  1  if  cubic  feet  of  water  to  the 
height  of  about  62  or  63.  feet.  The  bed  Englifh  engines  can 
throw  water  to  the  height  only  of  from  32  to  33  feet  £ , 

In  the  Ead,  fuch  engines  were  employed  not  only  to  ex- 
tin  guidi  fires,  but  to  excite  conflagrations.  The  Greek  fire, 
invented  in  the  year  678,  by  Callinicus,  an  architebx  of  He¬ 
liopolis,  called  afterwards  Balbec,  the  ufe  of  which  was  con¬ 
tinued  in  the  Ead  till  the  year  1291  at  lead  §,  and  which 
certainly  was  liquid  ||,  was  employed  in  many  ways,  but 
chiefly  on  board  fhips,  being  thrown,  by  means  of  large  fire 
engines,  into  the  fhips  of  the  enemy.  Sometimes  this  fire  was 
kindled  in  certain  veflels  which  might  be  called  Jire  fhipsy 
and  which  were  introduced  among  the  hoftile  fleet  «jj  ;  lome- 
times  it  was  thrown  upon,  the  enemy  from  jars  and  other 
veffels  with  machines  of  various  kinds  and  fometimes  the 

foldiers 

*  England  und  Italien,  Lipf.  1785.  Svo.  ii.  p.  216. 

f  lab.  ii.  c.  S.  p.  68.  In  ea  majeftate  urbis  et  civium  infinita  frequentia, 
binumerabiies  habitationes  opus  fuit  explicare.  Ergo  cum  recipere  non 
.  poffet  area  plana  tantam  multitudinem  ad  habitandum  in  urbe,  ad  auxilium 
altitudinis  aedificiorum  res  ipfa  coegit  devenire. 

£  This  is  a  miftake  of  the  author.  Some  Engliih  engines  can  throw 
water  to  a  much  greater  height. — Edit- 

§  Hanovii  Diiquifitiones ;  Gedani  1750.  qto.  p  65- 
[|  Anna 'Comnena  Alexiad.  lib.  xvi  p.  3S5.  n v?  iypor:  the  lame  appellation 
occurs  in  Theophanes  Chronographia. 
ff  Theophanes,  p.  294  and  352^ 

**  Such  a  machine  is  called  by  Joinville  in  Hljhlre  de  S.  Louis  IX.. 
Paris  1 668 .  fol.  p.  39.  ung  engin,  qu’i'ls  appelloient  la  Parriere,  par  le- 
quei  enging  iis  nous  gettoient  le  feu  Gregois  a  plante.  Does  not  the  fol¬ 
lowing  pafTage  a 'Coin  Leonis  Tactic  a,  Lugd.  Bat.  1612.  4to.  p.  347.  allude 
to  the  Greek  fire  ?  though  Meurfius  thinks  that  the  author  (peaks  of  un- 
ilaked  lime,  which,  however,  could  not  produce  the  deferibed  effedt: 
Xyr^aff  :tui  and  svg  ai r£ig-su  crX»p££#  wv  £j7rro/otsvMV  Heu  P’uV'ryioo^tEVMV,  s  tov  acrQer, ray. 
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foldiers  fquirted  it  from  hand  engines,  or,  as  appears,  by 
blowing  it  through  tubes  :  but  neither  thefe  hand  engines 
nor  fuch  tubes  could  have  been  the  machines  employed  for 
projecting  it  from  the  fore  part  of  fhips  againft  thofe  of  the 
enemy.  They  were  conftrubted  of  copper  and  iron  ;  the  ex¬ 
tremity  of  them  had  the  appearance  fometimes  of  the  open 
mouth  and  jaws  of  a  lion  or  other  animals  ;  they  were 
painted,  and  even  gilded ;  and  it  appears  that  the  fire  could 
be  thrown  from  them  to  a  great  difiance. 

Thefe  machines  are  called  exprefsly  by  various  authors 
[pouting  engines.  Thus  Johannes  Cameniata,  fpeaking  of 
the  taking  of  his  native  city  Theffalonica  by  the  Saracens  in 
the  year  904,  fays  that  the  enemy  threw  fire  into  the  wooden 
works  of  the  befieged,  which  was  blown  into  them  by  means 
of  tubes,  and  thrown  from  other  veffels  *.  This  paffage, 
which  I  do  not  find  quoted  in  any  of  the  works  that  fpeak 
of  the  Greek  fire,  proves,  at  the  fame  time,  that  at  the  be¬ 
ginning  of  the  tenth  centurv  the  Greeks  were  not  the  only 
poffelTors  of  the  art  of  preparing  this  fire,  the  forerunner  of 
our  gunpowder.  The  emperor  Leo,  who  about  this  time 
wrote  his  Art  of  War,  recommends  the  ufe  of  fuch  tubes  on 
the  fore  part  of  fhips,  and  to  be  placed  under  the  fhelter  of  a 
proper  covering  f  :  he  mentions  the  Tquirting  of  the  Greek 
fire  in  two  more  p adages  J.  In  a  word,  people  may  have 
eafily  conceived  the  idea  of  difcharging  the  Greek  fire  by 
means  of  a  forcing  pump,  becaufe  the  ufe  of  this  machine 
for  extingui filing  fires  was  known  there  long  before  the  in¬ 
vention  of  Callinicus. 

At  what  period  the  cities  in  Germany  began  to  be  fur- 
nifhed  with  fire  engines  I  have  not  been  able  to  determine. 

O 


aryo'  a-vy.TTvr/Si  Has.  crsiOTi^n  rov$  vroXs^isu?,  x»;  yi -yet  SfAVohov  yivsrui.  Oil  as 
calce  viva  pienas  alii  injiciunt,  quibus  contra#  is,  caicis  viva.-1  pulvis  difS- 
patus  fuftocat  et  ftrauguiat  hoftes,  et  ma£no  ad  praellaudum  impedh 

mento  eft:. 

*  In  Leonis  AUatii  Colonise  Agripp.  1653.  Svo.  p.  389. 

Uvf  T6  Six  tccv  irityayoov  yvrtteravreg,  ttsu  ru/a  drHSvn.-  ......  igneiil 

ftphonibus  tfBantes,  et  alia  vaia,  Haim/iarum  plena,  in  mu  rum  conjicientes„ 

f  Cap.  xix.  §  6.  p.  32  t.  F.yjTw  4%  Tvs  mv  trifoovx  Karat.  r»v  irpeoexy  ey.- 
wpocrSsv  e y.ty'.Bcry.z'jQVy  oo$  s 9o;}  V  cv  t;  zxKsvcLcryB'/OY  irvp  Kara  t m  svawiuy  asm- 

t so-bi  (according  to  the  reading  i n* Fabric li Bibliotheca  Gra’ca ,  vi.  p.  373.)  - 
In  prora  fiphonem  aere  obte£fuin  de  mo-re  habeas  ad  ignemiu  holies  ejacu- 
landum,  et  celfe  fupra  fiphonem  pfeudopatium  ex  afleribus  conrectum  er 
after i bus  circumtecVum,  in  quo  viri  ad  bellandum  inft-ructi  fuit. 

t  Pag.  344.  Interdum  frontem  clalfts  direclam  inftrues,  ut  ubi  ufut- 
ferat  in  h aft i uni  proras  irruat,  et  fiphonibus  ignem  ejicientibus  naves  illo- 
rum  incendat.  Aia.  rov  irvpog  ruv  <ri$&vav .  P.  346.  Multse  rnolitiones  exco¬ 
gitate  funtj  cujus  generis  lunt,  ignis  cum  tonitru  et  fumo  ignito  per  fiphones 
emiftus,  et  incendens  naves.  ‘Otev  tote  e<TKStia«r/*EV»y  kvo  y&ra  £/>oms  mi  Kairvaut 
vrpowpvj  <iia  rosy  m<pasv»v  irsymytsiov 
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In  my  opinion  they  had  regulations  re  fpedling  fires  before 
they  bad  engines ;  and  the  former  do  not  feem  to  be  older 
than  the  beginning  or  middle  of  thefixteenth  century.  The 
oldelt  for  the  city  of  Franckfort  on  the.  Mayn,  with  which  I 
am  acquainted,  are  of  the  year  1460*.  The  firft  general  order 
in  Saxony  refpc cling  fire,  is  that  of  duke  George  in  the  year 
15214.  The  firft  for  the  city  of  Drefden*  and  which  was 
to  ferve  for  the  whole  country,  is  of  the  year  1529  X-  -ha 
many  cities,  the  firfl  ordinances  publilhed  by  government  for 
the  purpofe  of  preventing  danger  from  fire,  may  be  found 
perhaps  among  the  regulations  in  regard  to  building,  which 
appear  to  be  fomewhat  older  than  the  particular  ones  refpebt- 
ing  fires.  At  Augfburg  an  exprefs  regulation  in  regard  to 
building  was  drawn  up  and  publifhed  fo  early  as  1447  §. 
On  turning  over  the  old  chronicles  it  is  oblerved  that  great 
fires  began  to  be  lefs  frequent  in  the  fix  tee  nth  century;  a 
circunillance  which  beyond  all  doubt  muft  be  aferibed  to  the 
improvements  in  building  ||,  the  regulations  made  by  go¬ 
vernment  for  the  guarding  againfl  fires,  and  the  introduction 
of  apparatus  for  extinguishing  them.  But  by  the  invention 
of  fire  engines  every  thing  in  this  refpeCt  has  been  fo  much 
changed,  as  to  render  it  neceffary  to  revifie  and  entirely  alter 
the  old  regulations  made  in  regard  to  fires;  and  it  is  not  im- 

tblic  fire  engines  will  occur 
fires  made  in  the  fifteenth 

Mr.  Von  Stetten  has  remarked,  that  the  firfl  mention  of 
fire  engines  at  Augfburg  occurs  in  the  building  accounts 
of  the  city  for  the  year  1518.  They  are  called  there  injlru- 
ments  for  fires ,  water  fyringes  ufeful  at  jires  @1 ;  and  thefe 
names  feem  to  announce  that  the  machine  was  then  in  its 
infancy.  At  that  time  they  were  conftruCted  by  Anthony 
Blatner,  a  goldfmith  of  Friedberg,  but  who  in  the  above 
.year  was  a  citizen  of  Augfburg.  From  the  obfervation 
added,  that  the  wheels  and  poles  (levers)  were  made  by  a 
wheei-wright,  and  by  the  largenefs  of  the  fum  put  down  in 

*  A  paffage  from  it  is  quoted  in  Orth’s  Annierkungen  uher  die  erneuerte 
Reformation  der  Stadt  Frankfurt  1751.  qto.  iii.  404. 

4  It  is  intitled  Begreyff  tier  Fewer  Ordenunge,  four  pages  folio.  It  is 
wanting  in  the  Codex  Augujleus ,  but  its  contents  may  be  found  in  Canzler 
und  Meifner  fur  tike  re  Litteratur  und  neuere  Ledture,  Lipk  17S5. 
Svo.  iii.  3.  p.  97. 

+  Wecken’s  Befchrtibung  und  Vorftellung  der  Refidenz  Drefden, 
p.  482* 

§  Von  Stetten  Kunftgefchichtc  der  Stadt  Augfburg,  i-  p.  87. 

\\  Thus,  in  the  year  1466  itraw  thatch  was  forbidden  at  Franckfort; 
ami  in  the  year  1474  roofs  conflrudled  of  fbingles.  Lerjner,  ii.  p..  2 2. 

Kunftgefchkhte  der  Stadt  Augfburg,  ii.  p.  112. 
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the  account,  there  is  reafon  to  con  chide  that  thefe  were  not 
hand  engines,  but  large  compound  machines..  In  that  re- 
fpehtable  dictionary  Maalers  L'.eutfchfprnach ,  printed  at  Zu¬ 
rich  in  1501.  8 vo.,  I  find  feuerhaken  (tire  hooks),  and  feuer - 
leitern  (fire  ladders) ;  but  no  machines  for  extinguifhing 
fires,  nor  anv  where  a  fire  engine. 

In  the  year  1655  the  jefuit  Cafpar  Schott  was  {I ruck  with 
admiration  on  feeing  at  Nuremberg  an  engine,  made  there 
by  John  Hautfch.  It  flood  on  a  fledge  ten  feet  in  length 
and  four  in  breadth.  The  veflel  that  contained  the  water 
was  eight  feet  in  length,  four  in  height,  and  two  in  breadth. 
It  was  put  in  motion  by  twenty-eight  men,  and  forced  a 
ftream  of  water  an  inch  in  diameter  to  the  height  of  eighty 
feet,  and  eonfeguentlv  a  Dove  the  houfes.  The  whole  ina- 
chine  was  drawn  by  two  horfes.  Hautfch  is  (aid  to  have 
caufed  an  engraving  to  be  made  of  this  machine,  which  he 
.circulated,  with  an  offer  of  conftnuTing  firnilar  ones  at  a 
moderate  price,  and  teaching  the  ufe  of  them.  He  refilled 
to  fhow  Schott  the  internal  con  (traction  of  his  machine  5 
but  the  .latter  readily  conceived  it.  From  what  Schott  fays, 
it  evidently  appears  that  the  cylinders  did  not  ftand  perpen¬ 
dicular,  but  lav  in  a  horizontal  direction  in  the  box  ;  fo  that 
the  piflons  moved  horizontally,  and  not  vertically  as  at  pre- 
lent.  'Vertical  cylinders,  therefore,  feem  to  be  among  the 
•imorovements  fince  made  to  this  engine.  Schott  a-dds,  that 
this  invention  was  not  new,  it  had  been  known  in  other-- 
cities;  and  he  himfelf  forty  years  before,  confequently  in 
1617,  had  leen  one,  but  much  fmaller,  in  his  native  city 
Schott,  as  is  well  known,  was  born  at  Konigfhofen,  not  far 
from  Wurzburg,  in  1608.  George  Hautfch,  the  fon  of  the 
former  artift,  conftrudfed  fuch  engines  alfo ;  and  probably 
made  fome,  improvement  in  them;  for  Wagenfeilf  and 
others  aferibe  to  him  the  invention. 

fhe  iirft  regulations  at  Paris  refpedling  fires,  as  far  as  is 
known,  relate  to  fupprefflng  thofe  incendiaries  who,  under 
the  name  of  boutefeux>  occafioned  great  devaflation  in  the 
capital  as  well  as  in  the  provinces  J.  Paris  feems  to  have 
obtained  the  firft  fire  engines  in  1699  :  in  that  year,  at  lead, 
the  king  gave  to  Dumourier  Dupcrner  an  exclulive  privilege 

*  Magi  a,  Univer falls,  p.  fii.  lib-  6.  p.  310  ;  and  in  Pcifcbii  Invent.  Nov  - 
antiq .  Lipf.  1700.410.  p.  668.  The  Magia  Univerfalis  was  printed  in. 
1657.  See  aifo  Doppelmayr,  p.  301,  who  fays  that  the  water  was  railed 
to  the  height  of  a  hundred  feet. 

f  De  Civitate  Noribergenft,  p.  153.  Msrpergers  Geofnetes  Manu- 
fakturhaus.  Hamburg  1707.  umo.  p.  210.  Doppelmayr,  p.  303. 

%  Continuation  du  Trait  e  de  la  Police  par  Delamare,  Paris  1738,  id. 
P’  137- 
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to  conftruct  thefe  machines,  which  were  called  pompes  por¬ 
ta  lives ;  and  he  engaged  for  a  certain  fum  to  keep  in  repair 
the  feventeen  engines  which  had  been  purchafed  for  the  ufe 
of  the  city,  and  to  provide  and  pay  the  neceflary  workmen. 
In  the  year  1722  the  number  was  increafed  to  thirty,  which 
were  diftributed  in  feveral  quarters  of  the  city;  and  the  con¬ 
tractors  received  annually  at  that  time  20,000  livres.  The 
city,  however,  befides  the  thirty  royal  engines,  had  others 
which  belonged  to  the  hotel  de  ville ,  with  which  the  fieur 
Duperrier  had  nothing  to  do  *. 

In  the  middle  of  the  iixteenth  century  thefe  machines 
were  certainly  (till  very  imperfect.  They  had  neither  an  air 
chamber  nor  buckets,  and  required  a  great  many  men  to 
work  them.  They  confided  only  of  a  fucking  pump  and  for¬ 
cing  pump  united,  which  forced  the  water  out  in  fpurts,  and 
with  continual  interruptions.  Such  machines  in  moving  the 
lever  experience  a  ftoppage,  during  which  no  water  is  forced' 
out;  and,  as  the  pipe  is  fixed,  it  cannot  convey  the  water 
into  a  houfe  on  fire,  though  it  may  reach  a  fire  at  no  great 
difiance  where  there  are  doors  and  windows  to  afford  it  a 
pafifage.  At  the  fame  time,  the  workmen  are  liable  to  be 
eruflied  bv  the  fall  of  the  houfes,  and  on  that  account  muff 
keep  from  them.  Hautfch,  however,  had  given  to  his  en¬ 
gine  a  flexible  pipe,  which  could  be  turned  to  any  fide  as 
might  be  neceflary;  but  not  an  air-chamber,  which  Schott 
certainly  would  have  deferibed.  Even  in  Belidor’s  time,  the 
fire  engines  in  France  were  of  no  other  kind.  In  the  year 
1760  thefe  improved  machines  were  ufed  only  in  England  7 
at  leaft  profeffor  Bufch  f  concludes  fo  from  this  circumffance, 
that  Fergufon  confiders  Newfham’s  engine,  which  threw  the 
water  out  in  a  continued  ftream,  as  a  new  invention. 

It  is  not  with  certainty  known  who  fir  ft  conceived  the 
idea  of  conftrudting  an  engine  with  an  air-chamber,  in 
which  the  included  air,  by  comprefling  the  water,  forces  it 
out  in  a  continued  ftream.  According  to  a  conjecture  of 
Perrault,  it  would  appear  that  Vitruvius  feems  to  fpeak  of  a 
fimilar  conftrudtion;  but  Perrault  himfelf  acknowledges  that 
this  obfeure  pafifage  J  can  be  explained  in  a  different  manner. 
The  air-chamber  in  its  aCtion  has  however  fome  refemblance 
to  Hero’s  fountain,  in  which  the  air,  being  compreffed  by 
the  water,  forces  the  water  out  §, 

'•r  Continuation  du  Traite  de  la  Police,  &c.  p.  157. 

+  Verluch  einer  Mathematik  ztun  Nutzen  und  Vergntigen,  Hamburg; 

I791  •  fvo'  P'  3  96- 

t  Lib.  x.  c.  12. 

r 

§  Spiritalia,  xxxvi.  p,  85-  •  •  • 
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I  can  find  no  older  engine  with  an  air-chamber  than  that 
defer!  bed  by  Perrault,  and  of  which  he  lias  given  a  figure. 
He  fays  it  was  preferred  in  the  king’s  library  .at  Paris;  that, 
it  was  employed  for  throwing  the  water  to  a  great  height 
‘during  fires ;  that  it  had  only  one  cylinder,  and  yet  threw 
out  a  continued  jet  of  water.  He  neither  mentions  the  pe¬ 
riod  of  the  invention,  nor  the  name  of  the  inventor ;  and  I  can 
only  add  that  his  book  was  printed  in  1684*.  The  principle 
however  feems  to  have  been  pointed  out  before  by  Mariotfe, 
who  by  feme  is,  on  this  account,  confidered  as  the  inventor; 
but  he  does  not  appear  to  have  entertained  any  idea  of  a  fire 
•engine,  at  lead  he  makes  no  mention  of  it  f. 

It  is  certain  that  the  air-chamber,  at  lead  in  Germany, 
came  into  common  ufe  after  it  had  been  applied  to  thefe 
engines  by  Leupold,  who  con dru fifed  and  fold  a  great  many 
of  them.  In  the  year  1720  he  published  an  account  of  them 
in  a  fmall  work  confiding  of  a  few  fheets  in  quarto;  but  at 
fird  he  kept  the  con  ft  nidi  on  a  fecret;  and  thole  engines 
which  he  fold  confided  of  a  drong  copper  box,  entirely  Unit 
.and  dronglv  foldered.  it  weighed  only  fixteen  pounds;  oc¬ 
cupied  very  little  fpace;  had  but  one  cylinder;  and  one  man 
by  means  of  it  could  throw  the  water,  without  interruption, 
to  the  height  of  from  twenty  to  thirty  feet  f .  About  the 
vear  1725,  Du  Fay  faw  one  of  thefe  machines  of  Leupold  at 
•Strafburgb.  He  conceived,  as  he  fays,  its  condrufibion,  and 
made  it  known  in  the  TV  an  fa  fit  ions  of  the  Academy  of  Sci¬ 
ences  for  1725.  It  is  very  Angular  that  Du  Fay  makes  no 
mention  of  Mariotte,  nor  of  the  engine  preferred  in  the 
king’s  library  at  Paris.  Leupold  however,  fo  early  as  the 
year  1724,  gave  a  figure  and  defeription  of  his  engine  In  his 
Theatrum  Mu  chin.  Hydrauhcarum ,  voL  L  p.  120.  tab.  45. 
fig.  2.,  which  was  not  known  to  the  French  author. 

An  ufefeil  improvement  of  this  engine  con  fids  in  the  hofe 
added  to  the  engine,  which  can  be  lengthened  or  Shortened, 
and  to  which  the  fire- pipe  is  applied,  fo  that  the  p  erf  bn  who 
•di  refits  it  can  approach  the  fire  with  much  lefs  danger.  This 
invention,  as  is  well  known,  belongs  to  two  Dutchmen, 

*  [  poffeis  only  the  fbcond  en urged  edition  of  his  Arckhethru  de  Vi - 
truve,  large  folio,  where  the  account  is  to  be  found,  p.  338.  Whether  it 
be  in  the  firft  edition  of  167  j>  .1  do  not  know.  Daniel  Bernoulli  has  given 
a  figure  and  defeription  of  it  m  his  Hydronjnamica,  Argentorati  1 73S.  4to. 
p-  172.  fig.  51. 

f  The  pafiage  may  be  found  in  Iraite  du  Mouvement  des  Eaux ,  p-  4. 
dif.  i.  ■;  and  in  Oeuvres  de  Man  one,  Leide  J717.  a  voh  4:0.  i.  p.  445. 
fig.  89. 

+  An  ext raft  from  his  work  may  be  feen  in  Brfjlauer  Samhmges, 
verfuch  vi.  p.  2035,  an(I  verfucb  vii.  p.  374, 
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both  named  John  van  der  Heide*,  who  were  infpeclors  of 
the  apparatus  for  extinguifhing  fires  at  Amfterdam.  The  ft rtl 
public  experiments  made  with  them  took  place  in  the  year 
1672,  and  were  attended  with  fo  much  fuccefs,  that  at  a  fire 
next  year  the  old  engines  were  ufed  for  the  laft,  and  the  en¬ 
gines  with  moveable  hofe  for  the  firft,  time.  In  the  year  1677 
the  inventor  obtained  an  exclufive  privilege  to  conftrufit  en¬ 
gines  according  to  their  principle  for  twenty-five  years.  In 
the  year  1682  a  fufficient  number  of  thefe  engines  were  dif- 
tributed  in  the  different  quarters  of  the  city,  and  the  old  en¬ 
gines  were  entirely  laid  afide.  In  the  year  1695  there  were 
in  Amfterdam  more  than  fixtv  of  thefe  engines,  the  fix  of 
which  neareft  the  place  where  a  fire  broke  out,  were  required 
to  be  prefent  to  give  affiftance.  In  a  few  years  they  were 
common  in  all  the  towns  of  the  Netherlands, 

All  thefe  circumftances  have  been  related  by  the  inventor 
himfelf  in  a  particular  work,  which,  on  account  of  the  ex¬ 
cellent  copper-plates  in  it,  has  become  exceedingly  fcarcef* 
The  firft  feven  of  thefe  reprefent  fome  dreadful  conflagrations, 
at  which  the  old  engines  were  ufed  -without  producing  much 
efl'edf.  Amono-  them  is  the  conflagration  of  the  ftadt-houfe. 
of  Amfterdam  in  the  year  1652.  The  twelve  following  plates 
are  reprefentations  of  fires  which  were  extinguifhed  by  means 
of  the  new  engines,  and  exhibit  at  the  fame  time  the  various^ 
ways  in  which  they  could  be  employed  with  advantage. 
According  to  an  annexed  account,  it  appears  that  the  city  of 
Amfterdam  loft  by  ten  fires,  at  which  the  old  apparatus  was 
ufed,  1,024,130  florins;  but  during  the  ten  following  years, 
when  the  new  engines  were  introduced,  only  18,355  were 
loft  by  forty  fires  ;  fo  that  the  annual  favins;  by  this  invention 
was  98  per  cent.  ■ 

The  internal  conftrudfion  of  thefe  engines  has  no  where 
been  reprefented,  nor  do  I  remember  to  have  read  a  paflfage 
in  any  author  which  proves  that  they  were  furnifhed  with 
an  air-chamber,  though  in  the  privilege  they  are  called 

*  In  the  privilege,  however,  they  arc  called  Jan  aide  Nicolaus  van  dit 
Hey  den. 

i  Befchryving  der  nieuwlijks  uitgevonden  en  geodtrojeerde  Slang- 
Brand-Spu  ten,  en  haare  wijze  van  Brand-Bluflen,  tegenwoordig  binnen 
Amfterdam  in  gebruik  zijnde. — Door  der  zelver  Inventeur  Jan  van  der 
Heide  en  Jan  van  der  Heide  de  jonge,  generaale  Brandmeefters  der  Stad 
Amfterdam.  Amfterd.  1690.  To  this  fubjedt  belongs  a lfo  the  following 
work,  a  copy  of  which  is  in  our  library  :  Befchryving  der  Brand-orders, 
en  wir/.e  van  Brandbluften,  tegenwoordig  binnen  Amfterdam  in  gebruik 
zijnde,  door  Jan  van  der  Heide,  en  Jan  van  der  Heide  de  Jonge, generaale 
Brandmeefters  der  zelver  Steede.  Amfterd.  1695;  one  fheet  and  a  half 
410.  with  four  plates,  and  a  defeription  of  them.  One  of  thefe  deferiptions 
is  inferted  in  the  Lcipfic  Fire  Regulations  for  the  year  17  09.  4to. 
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/ pouting  engines *.  The  defcription  even  of  the  leather  pipe, 
or  hofe,  is  very  flier t  and  defective ;  probably  with  a  view 
to  render  it  difficult  to  be  imitated  :  it  is  only  faid  that  it  was 
made  in  a  peculiar  manner  of  leather;  fo  that  it  was  not 
only  thick,  but  could  withftand  the  force  of  the  water  f. 

The  conveyer  or  bringer  was  invented  alfo  in  Holland 
about  the  fame  time.  This  name  is  given  at  prefent  to  a 
box  which  has  on  one  fide  a  fucking  pump,  and  on  the  other 
a  forcing  pump.  The  former  ferves  to  raife  the  water  from 
a  ftream,  well,  or  other  refervoir,  by  means  of  a  itiff  hofe, 
the  extremity  of  which  is  furnifhed  with  a  metal  drainer  to 
prevent  dirt  from  entering  it,  and  which  is  kept  fufpended 
above  the  mud  by  means  of  a  piece  of  cork.  The  forcing 
pump  forces  the  water  thus  drawn  up,  through  another  hofe, 
into  the  engine,  and  thus  renders  imneceffary  the  labour  of 
fupplying  it  with  water  by  means  of  buckets. 

At  firit,  indeed,  this  machine  was  very  fimple.  It  confided 
of  a  leather  hofe  ferewed  upon  the  engine,  the  end  of  which 
widened  into  a  kind  of  bag  fupported  near  the  refervoir,  and 
kept  open  by  means  of  a  frame;  and  the  labourers  poured 
water  into  it  from  buckets.  The  Van  der  Heides,  however, 
had  for  this  purpofe  employed  a  pump  which  they  called  a 
fnuke  pump ,  and  by  which  they  could  raife  the  water  upwards 
of  a  thoufand  feet.  But  how  it  was  confiruCted  I  no  vtbere 
find  mentioned  :  from  the  figure,  I  fbould  almod  conjecture 
that  they  ufed  only  a  cylinder  with  a  lever.  They  fometimes 
alfo  placed  a  portable  pump  in  the  water,  and  thus,  raifed 
water  into  the  annexed  hofe,  which  conveyed  it  to  the  en- 
gine.  Every  leather  pipe  employed  for  conducing  water  they 
called  a  water  fnake ;  and  thefe  were  not  made,  as  the  hofe 
of  the  fire  engine,  of  leather,  but  of  fail-cloth  :  they  however 
fay,  that  for  this  purpofe  the  fail  cloth  required  a  peculiar 
preparation'];,  which  confided  in  making  it  water  proof  by 
applying  to  it  a  certain  kind  of  cement.  The  hofe  alfo  through 
which  the  water  is  conveyed  mult  be  ft i fie ned,  and  diftended 
by  metal  rings  ;  otherwise  the  external  air  on  the  firft  ftroke 
ot  the  pump  would  comprefs  the  hofe  fo  that  it  could  admit 

*  Slang-Brand-Spuvten,  beftaande  in  een  geduirig  ftralende  Brand- 
Spuit,  met  een  buygelijke  buys  daar  aan,  cm  haar  gedaante  een  Slang 
genaamd,  die  men  kan  verlangen  naar  eyfch  endc  welgevallen, 

f  Page  6.  Slang,  of  Spuit-Slangen  van  leer  gemaakr,  dat  op  een  by- 
zondere  wyze  bereid  cn  zaamen  gevoegt  word  om  dicht,  beftendig  en  te- 
gea  t  geweld  van’t  water  bettand  te  zyn.  In  the  French  explanation  of 
the  plates  thefe  new  engines  are  called  pompes  a  boyaux . 

+  Page  5.  Water- Slang,  zynde  een  lange  en  buiggelyke  buis,  van 
zel*  or  ibort  van  dock,  hier  toe  byzonderlyk  bereid,  gemaakr. 

into 
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into  it  no  water.  It  is  here  feen  that  the -life  of  fail-cloth 
iiofe  is  not  io  modern  an  invention  as  fome  have  fuppofed. 
That  our  apparatus  for  conveying  water  to  the  fire  engine  is 
much  more  ingenious  and  convenient  in  lift  he  allowed  ;  out 
I  would  ftrongly  recommend  that  in  all  cities  theie  flioul 
he  pumps  or  running  wells  of  water,  to  the  ipout  of  which 
the  one  end  of  hole  might  be  fixed,  while  'the  other  is 
ferewedupon  the  engine.  The  V an  der  Heide  reckoned  it  an 
advantage  in  their  invention,  that  this  apparatus  rendered  it 
unneceffarv  to  have  leathern  buckets,  which  are  expenfive;  or 
at  leaft  lefl'ened  their  number,  as  well  as  that  of  the  workmen. 

From  this  information,  the  truth  of  which  cannot  be 
doubted,  we  may  readily  believe  that  engines  with  bole  w ere 
not  invented  in  the  year  1697  Gottfried  Fuchs,  fiie  di- 
redlor  at  Copenhagen,  as  was  however  publicly  adeiied  111 
1717;  with  this  addition,  that  the  invention  was  foon  after 
employed  in  Holland  and  at  Hamburgh  ".  luchs  fee  ms 
only  to  have  introduced  into  Denmark  the  invention  of  the 
above  Dutchmen  at  the  time  of  the  great  fire  on  the  19th  of 
April  1689,  when  the  Opera  houfe  at  Amalienburg,  with 
more  than  130  perfons,  as  well  as,  the  beautiful  palace  of 
Amalienburg,  were  defitroyed.  We  are  at  lead  told  in  bif- 
toryf,  that  this  event  gave  rile  to  an  improvement  in  the  ap-y 
paratus  for  extinguifhing  fires,  and  to  a  new  ordinance  of 
the  23d  of  July  of  that  year  mf  peeling  fifes,  as  well  as  to  the 
introduction  of  fire  engines  with  bole ;  which  however  had 
been  employed  at  Amflerdam  more  than  a  dozen  of  years 
before. 

Hofe  or  pipes  of  this  kind  for  conveying  water  were  not, 
however,  unknown  to  the  antients.  The  architect  Apollo-* 
dorus,  at  leaft,  fays,  in  the  paffage  already  quoted,  that  to 
convey  water  to  elevated  places  expofed  to  fiery  darts,  indead 
of  pipes,  the  bowels  of  an  ox  might  be  employed,  having  at 
the  one  end  a  bag  filled  with  water,  which  being  comprefied, 
the  water  will  be  forced  through  the  inteflines  to  the  place  of 
its  deftination  J.  Thefe  wereTonveyers  of  the  fimpleft  con- 
itrudlion. 


Among 


♦  Breflauer  Sanslung  1717.  1  verfuch,  p.  10S.  Pafchii  Invents  rov. 


anti  qua,  p.  668.  W .  G.  Hells  Abhandi.  zu  \  erotiferuRg  der  Feuei- 


fpriitzen.  Gotha  17.78.  8vo.  p.  7. 

f  Alvemeine  Welthittorie,  th.  33.  p-  631 


+  Pol  lore  ft,  p.  32.  Kara  h  ra  jrpoxsi/xev*  to;?  WfctfeXoi;  ysp,  avn  <ra>Xryoovy 


ftcoiv  s-rspa.  7rctp«<|>q  ovva  stC  H<>S.  Tstrrtev  aw.  ihvro;  VctfttTi&irrtti 

v.cti  %\i£of/.Evot  avatyepovci.  In  (  artibus  auteni  qua;  exptiua;  iuut  tclis  luct  n- 
diuriis,  pro  tuba,  bourn  intcltina  habere  oportet,  qua  aquam  in  iublirr.e 

dtferant. 
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Among  the  newefl  methods  of  improving  the  hofe  of  fire 
‘engines,  is  that  of  weaving  them  witho.ut  a  feam.  In  the 
year  1720  fome  of  this  kind  were  made  at  Leipfic,  of  hemp, 
by  one  Beck,  a  lace-weaver,  as  we  are  told  by  Leupold  in  his 
before-mentioned  account  of  tire  engines,  printed  in  that  year. 
After  this  they  were  made  alfo  by  Erk,  linen-weaver  at  Wei¬ 
mar;  and  at  a  latter  period  they  were  made  of  linen  at  Dref- 
den,  and  alfo  in  Silefia  *.  At  prefent,  Gegner  and  Ehrliholzer 
have  a  manufactory  at  Bethnal  Green  f,  where  they  make 
water- ti ah t  hofe  without  feams.  AfTeffor  Mop-ling-  has  caufed 

O  O  ^ 

lome  of  the  fame  kind  to  be  manufactured  on  his  eftate  near 
Stuttgard  on  a  loom  invented  by  himfelf,  arid  which  are  now 
nfed  on  many  of  the  towns  of  Wurtemberg  X  •  I  lb  all  here 
take  occation  to  mention  a  kind  of  loom  on  which  Braun 
caufed  fhirts  without  feams  to  be  wove,  iimilar  to  thofe 
fometimes  brought  from  India  as  curiofities,  and  of  which 
he  gave  a  particular  defcription,  with  an  engraving §. 

I  (hall  in  the  laft  place  obferve,  that  notwithftanding  tire 
belief  of  the  Turks  in  predeftination,  the  ufe  of  fire  engines 
has  been  lately  introduced  at  Conftantinople  by  Ibrahim 
Effendi  || . 


XLI.  Defcription  of  a  new  Electrometer .  'Ey  Henry 

Lawson,  Efq. 

sir,  To  Air.  Tilloch. 

As  the  following  defcription  of  an  inftrument,  which  an- 
fwers  its  purpofe  very  well,  may  prove  acceptable  to  the 
public,  I  fend  it  to  you  for  infertion  in  the  Philofophical 
Magazine. 

Some  time  ago  it  ftruck  me  that  fome  additions  to  Brooks’s 
electrometer  might  be  madefo  as  to  lit  it  for  a  good  difeharg- 
ing  electrometer  to  meafure  the  repulfion  between  two  bails 

deferanr.  Ante  hsec  inteftina  utres  aqua  pleni  coliocamur,  qui  preili 
aquam  furfum  emittunt. 

*  Leipziger  Intelligerizblatt  1775-  p  345;  and  1767.  p.  69;  Teutfcher 
Merkur  1783. 

f  The  Environs  of  London,  by  Daniel  Lyfons ;  Lond.  1792 — 1796. 

+  W.  G.  Kappolt  uber  die  Starke  rund  gewebter  Seile,  Tubingen  1795. 
8vo.  Phyfikal  okonom.  Bibiiotnek  xix.  p.  258. 

§  Vefiitus  Sacerdotum  Hebraeorum  ;  Amftel.  1701.  qto.  i.  p.  273.  A 
great  deal  of  uleful  information  relpe&ing  improvements  in  the  apparatus 
for  excinguifhing  fires  may  be  found  in  Aug.  Niemann  Ueberfichi  der  Si- 
ctcrungsmltid gegen  Feucrsgcfabrai  \  Hamburg  und  Kiel  1796.  8vo.  See 
Ibyf.kal  okonom.  B'lbliothck  xix.  p.  412. 
ji  Bu fchings  Erdbefchreibung.  ii.  p.  673, 
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(of  a  certain  fize)  in  grains,  and  alfo  effedl  the  difeharge  of 
a  battery  at  the  fame  time.  The  inftrument  known  by  the 
name  of  Cuthbertfon’s  difeharging  electrometer  was  at  that 
time  the  belt,  and  indeed  the  only  inftrument  for  difeharging 
batteries  or  jars  by  its  own  action,  then  made;  but  I  think 
this  will  be  found  in  the  eftentials,  and  in  the  theory  and  ufe, 
a  more  perfedt  inftrument. 

On  the  bafejS  (fig.  i.  Plate  VI.)  is  fixed  theglafs  pillar  G, 
fupportinrr  the  hollow  hrafs  hall  B.  T,  is  a  light  graduated  brats 
tube  divided  (from  the  weight  W  towards  the  ball  B)  into  thirty, 
parts,  reprefenting  grains.  W,  is  a  Hiding  weight.  L,  a  light 
brafs  ball  ferewed  to  the  end  of  the  tube  T,  on  the  other  end 
of  which  tube  adjufts  the  heavy  counter  balance-ball  C,  the 
tube  T  and  its  two  balls  being  fufpended  at  their  common 
centre  of  gravity  by  a  (ilk  line  in  the  centre  of  the  ball  B,  the 
meehanifm  of  which  is  fhown  in  fig.  2.  The  brafs  ball  F  is 
ftationary,  and  of  the  fame  fize  as  the  ball  L,  and  is  fixed  by 
a  brafs  arm  to  the  ball  B.  The  adj  tiffing  ball  A  is  alfo  of  the 
fame  fize,  and  adjufts  clofe  to  the  ball  L,  or  at  any  lower  flat  ion 
between  that  and  the  ring  r.  The  brafs  tube  to  which  the  ball  A 
is  fixed  is  divided  into  inches,  halves,  and  quarters  :  (a  more 
minute  divifion  is  imnceeffary  and  improper.)  The  divifions 
'bevin,  or  the  o  line  is  marked,  on  the  laid  tube  at  the  fine  r., 
when  the  three  balls  A  L  F  are  clofe  together.  The  ring  r 
ferves  as  an  index,  as  the  divifions  pals  in  fucceftion  into  the 
<riafs  tube  P  on  lowering  the  ball  A.  The  hook  H  is  ferewed 
into  the  bafe  of  P.  The  quadrant,  or  Henley’s  electrome¬ 
ter,  Q,  is  fupported  on  a  long  brafs  ftern  to  keep  it  out  of  the 
atmofphere  of  the  lower  part  of  tire  inftrument.  Fie.  2. 
fhows  the  internal  conftrudlion  of  the  ball  B,  fig.  i.  In  the 
fir  ft  place,  the  ball  ferews  in  half,  horizontally.  The  light 
tube  T  pafifes  through  the  ball,  and  is  fufpended  nearly  in  the 
centre  of  it  by  feme  filk  twill  s,  which  final!  filk  twift  is 
fixed  into  the  eye  of  the  adjufting  wire  a,  part  of  which  wire 
is  filed  fquare  and  goes  through  the  fquare  hole  h.  The 
nut  n  ferews  on  a ,  and  ferves  to  adjuft  the  light  tube  T  ver¬ 
tically.  The  light  plates  PP  are  of  copper,  and  move 
freely  on  the  wire  zv  zu  fomewhat  like  a  hinge,  and  reft  on 
the  copper  wires  CC,  ferving  to  make  the  direct  communi¬ 
cation  between  the  infide  and  out  of  the  battery  or  jar. 
N  N  are  notches  ferving  to  let  the  tube  T  defeend  when  the 
difeharge  is  made.  Into  the  tube  Z  the  glafs  pillar  is  ground. 
Note,  that  at  the  bottom  of  the  notch  N  is  a  piece  of  brafs 
filed  with  a  Y,  and  fo  placed  as  to  keep  the  centres  of  the 
balls  L  and  F,  fig.  i,  under  each  other  when  they  come  clofe 
together. 


When 
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When  the  inftrument  is  adjufted,  which  is  done  by  placing 
the  weight  \V,  fig.  1,  at  o  on  the  line  of  grains,  arid  then 
(crewing  or  unfc.rewing  the  counterbalance  ball  C,  till  the 
tube  T  riles  (lowly  into  its  horizontal  pofition ;  then  fet  the 
ball  A  at  the  di (lance  from  the  ball  L  that  you  choofe,  and 
the  weight  W  placed  at  the  divifion  or  number  of  grains  that 
you  with  the  repulfive  power  of  the  electricity  to  arrive  at 
before  the  difeharge  is  made  :  this  being  done,  connect  the 
battery  or  jar  with  the  ball  B  bv  means  of  the  wire  y,  the 
end  of  which  goes  into  B  at  the  hole  X,  and  fhould  Hand  at 
right  angles  to  B,  the  ball  of  y  refting  on  the  battery:  then 
conneCt  the  outfide  of  the  battery  or  jar  with  the  hook  II ; 
as  the  batterv  charges,  the  electrometer  Cl  continues  to  rife ; 
and  when  it  is  lo  highly  charged  that  the  repulfive  power  be¬ 
tween  the  balls  L  and  F  is  equal  to  the  number  of  grains  at 
which  the  weight  W  was  placed,  the  ball  L  will  defeend,  and 
deliver  the  charge  of  the  battery  to  the  ball  A.  The  fubftance 
or  thing  through  which  the  (nock  is  intended  to  be  pa  (fed, 
muft  form  part  of  the  communication  between  the  hook  H 
and  the  outfide  of  the  battery  or  jar. 

It  is  evident,  from  confidering  the  rnftrument,  that  it  is 
attended  with  thefe  excellences;  that,  the  whole"  being  com¬ 
pact,  the  electric  atmofphere  mull  be  lb  alio;  that  it  has 
but  one  'inful  ition  to  depend  upon;  that  the- equilibrium  of 
the  divided  arm  and  ball  may  always  be  adjufted,  conf’e- 
quently  the  weight  ufed  known  to  a  certainty  ;  and  the  hook 
for  communicating  with  the  outfide  of  the  battery  being- 
placed  on  the  foot  of  the  inftrument,  the  communication  may 
be  made  by  wires  lying  on  the  table;  which  are  by  far  the 
bed  mode  of  conducting  (hocks,  as  chains,  by  the  imperfeCt 
connexion  of  their  links  (efpecially  if  long),  very  often,  and 
without  being  fufpeCted,  hinder  the  (needs  of  many  very 
well  concerted  experiments. 


XLII.  Defcription  of  an  improved  Chemical  Apparatus  for 
preferving  feparate  the  Gafeous  Products  evolved  in  many 
Procefes  ;  by  which  alfo  AbJ'orption  is  completely  prevented > 
and  Liquids  may  be  jlrongly  impregnated  with  the  different 

Gaft :s .  By  \V.  H.  Pepy  s  j u n ,  Ffq . * 

TThE  chemift,  in  his  various  researches  into  the  compp- 
(it  ion  and  qualities  of  the  numerous  iubftances  p  re  fen  ted  by 
^Nature,  had  long  to  regret  the  want  of  an  apparatus  capable 

*  Communicated  bv  the  Author. 
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of  preferving  all  the  gafeous  as  well  as  liquid  products  evolved 
from  them  during  his  experiments.  The  apparatus  invented 
by  Woulfe,  and  which  will  immortalize  his  name,  was  the 
firft,  and  indeed  may  be  faid  to  be  the  only  one  yet  made 
known,  calculated  at  all  to  anfwer  fo  defirable  an  end  :  but 
it  had  defe&s  ;  and  though  fome  of  them  have  been  removed 
by  fuhfequent  improvements,  hill  it  has  its  imperfections. 
Every  chemift  will  readily  perceive  that  I  have  in  my  eye  the 
inconvenience  experienced  on  changes  of  temperature  :  if  ab- 
forption  take  place  between  the  retort  and  receiver,  a  portion 
of  liquid  from  the  firth  Wpulfe’s  bottle  rufhes  into  the  re¬ 
ceiver;  or,  if  the  tube  of  Welter  is  ufed,  an  undetermined 
quantity  of  atmofpheric  air  finds  admiffion  to  fupply  the  va¬ 
cuum  thus  formed. 

To  obviate  thefe  inconveniences,  in  a  train  of  experiments, 
in  which  I  was  engaged  in  the  year  1798,  on  the  oxymuri- 
atic  acid  and  its  compounds,  after  thinking  of  different  con¬ 
trivances,  it  ftruck  me  that  I  fhould  be  able  to  aceomplilh 
what  I  had  in  view,  by  procuring  an  adaptor,  mounted  with  a 
glafs  valve  (fimilar  to  that  ufed  in  the  improved  Nooth’s  ap¬ 
paratus),  and,  at  the  end  furn idled  with  the  valve,  ground 
into  a  tubulated  receiver  ;  and  then,  by  means  of  a  bent  tube, 
connecting  the  upper  opening  of  the  adaptor  with  a  feries  of 
Woulfe* s  bottles.  By  means  of  this  apparatus,  which  was 
executed  agreeably  to  my  inftruCtions  by  Mr.  Blades,  I  was 
enabled  to  form  the  pureft  oxymuriates  without  the  fmalleft 
rifque  of  any  accident  from  abforption. 

By  another  modification  of  the  apparatus,  in  which  the 
woulfes  were  difpenfed  with,  I  obtained  fome  of  the  fined: 
cryfials  of  oxymuriate  of  potafh  I  have  ever  feen,  without 
the  (mailed:  portion  of  gas  efcaping — a  circumftance  of  no 
final!  moment;  oxymuriatic  gas,  as  every  one  knows,  being 
extremely  noxious.  In  this  arrangement,  two  additional 
adaptors  were  joined  to  the  one  ground  into  the  receiver 
and  furnifiied  with  the  valve  as  alreadv  mentioned;  and  the 
upper  mo  ft  adaptor  was  furnifiied  with  a  tube  leading  into  a 
pneumatic  apparatus ;  or,  when  the  redundant  gas  was  not 
to  be  preferred,  into  a  chimney.  By  employing  the  appa¬ 
ratus  in  this  form,  every  bubble  of  gas  has  to  pafs  through 
the  three  adaptors,  and  experiences  a  confidcrable  agitation 
along  with  the  liquor  employed  in  them ;  the  gas  forcing  the 
liquid  from  the  lowed:  into  the  fecond,  and  from  that  into 
the  uppermoft  adaptor, — till,  a  portion  of  it  being  taken  up 
bv  the  fluid,  and  the  lower  orifices  of  the  upper  adaptors 
being  at  times  left  quite  free,  the  liquid,  following  the  com¬ 
mon  law  of  gravity,  returns  to  occupy  again  the  lower  fla- 

tiort* 
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tton.  When  there  is  a  quick  and  plentiful  fup.pl y  t)f  gas, 
the  whole  of  the  liquid  is  kept  in  continual  motion,  offering 
thereby  a  proportionally  large  furfacc  for  impregnation,  when 
that  is  the  object  in  view;  as  when  it  is  wjmed,  for  infan ce, 
to  impregnate  water  very  highly  with  ammoniaeal  gas  pro¬ 
cured  from  the  fulphate  or  muriate  of  ammonia  hv  imam 
The  quantity  of  liquid  employed  at  one  time  in  the  adaptors 
flioukl  be  about  fufficient  to  rill  the  loweft  one  full,  and  the 
middle  one  about  a  third  part. 

The  apparatus  of  which  I  have  been  fpeakmg,  which  is 
lefs  expend  ye  than  ground  Pouffes,  not  fo  eafdy  injured, 
and  more  readily  replaced  when  any  part  is  fractured,  I  have 
found  fo  extremely  ufeful,  and  applicable  to  fo  many  pur- 
pofes,  that  I  perfuade  myfelf  fuch  a  defeription  of  it  as  wrli 
enable  anyone  to  get  it  con  (trufted,  will  be  acceptable  to* 
many.  United  with  a  feries  of  woulfes,  it  forms  one  of  the 
completed  apparatuses  that  has  yet  been  deviled  for  a  great 
variety  of  chemical  experiments- ;  for  it  is  not  propofctl  to 
juperiede  the  woulfes :  indeed,  when  gafcous  products  are 
intended  to  be  pa  fled  through  a  variety  of  liquids,  they  will, 
m  many  cafes,  be  found  mdifpenfably  requilite  *.  I  fhali 
take  the  prefen t  opportunity,  now  that  we  are  {peaking  of 
Wmdfe’s  apparatus,  of  mentioning  a  few  circumftances 
which,  havino-  found  ufeful  mvfelf  in  eondrubtinp-  a  feric* 

^  y  s  O  j  w 

of  woulfes,  mav  prove  equally  fo  to  others. 

La  voider  frequently  regretted  the  want  of  aperfedf  Wo  wife’s 
apparatus,  the  ufual  method  of  manufacturing  which  is. by 
grinding;  the  tubes  to  fit  the  bottles  after  the  tubes  have  been 

s— 1  j 

bent:  from  this  circum dance  it  generally  happens  that  the 
bottles  have  no  equal  {landing,  but  are  obliged  to  he  accom¬ 
modated  to  the  bend  of  the  tubes  and  the  fitting  of  the  necks 
by  means  of  wedges  and  fupports  put  under  the  bottles,  which 
continually  expofes  the  tubes  to  the  rifque  of  being  broken 
during  the  adjultmentof  the  parts.  To  remedy  this  inconve¬ 
nience,  when  f  want  tubes,  I  caufe  them  to  be  ground  to  fit 
the  \Voulfes  while  ftraight  (See  A,  fig.  4.  Plate  VII.);  I  then- 
bend  them  into  two  angles  of  about  130°  or  140°,  juft  above 
the  ground  ftopper  parts  (See  B,  fig.  4.):  then  taking  the 
two  bottles  to  which  the  tube  has  been  ground,  and  placing- 

*  In  other  cafes,  however,  even  where  gafes  are  to  pais  through  dirfer- 
ent  liquids,  they  could  be  difpenfed  with,  if,  as  vlr,  Chenevix  fuggefted 
when  I  fhowed  him  the  apparatus,  a  let  of  adaptors  were  provided,  each 
furniflied  with  a  valve,  like  the  loweft  adaptor,  in  tread  of  the  bent  tune  now- 
attached  to  them.-  The  gas  evolved  might  by  this  means  be  made  to  pafs 
through  any  number  of  adaptors,  which  would  fave  all  the  trouble  attend¬ 
ing  glafs  tubes.  The  valves,  however,  would  conftderably  increafe  the 
expenfe. 
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them  on  a  true  plane,  and  heating  the  tube,  as  exactly  as 
I  can  in  the  centre  between  thefe  angles,  I  there  form  a  third 
angle  (C,  fig.  4.)  while  the  glafs  is  foft  and  yielding 
making  it  to  accommodate  itfelf  to  the  ground  necks,  in 
which  it  is  left  without  being  moved  for  about  a  quarter  of 
an  hour  to  cool  thoroughly.  If  moved  too  foon,  the  tube  is 
apt  to  alter  its  form.  In  this  manner,  tubes  may  be  bent, 
one  at  a  time,  tor  a  range  ot  any  extent ;  and  when  arranged 
afterwards  on  any  plane  furface,  will  always  be  found  to  fit. 

I  (hall  here  mention  a  kind  of  tubes  which  I  have  found 
extremely  convenient  on  many  occafions :  I  mean  tubes 
made  of  elaftic  gum  or  caoutchouc.  They  are  compofed  of  a 
web  or  tube  of  wove  cat-gut,  coated  outfide  and  infide  with 
elabic-gum  varnifh.  They  (land  the  adfion  ot  mod  of  the 
gafes.  Ether,  alcohol,  or  oils,  however,  would  deftroy  them. 
The  accommodation  they  yield  is  very  great;  as  the  woulfes 
may  be  agitated  or  moved  in  any  diredfion,  and  may  be 
placed  on  the  mod  uneven  furfaces.  Thete  tubes  are  fitted 
into  corks  previoully  impregnated  with  wax  or  tallow ;  and 
when  they  are  to  be  made  ufe  of,  I  fil'd  put  a  ring  of  eladic- 
gum  (a  neck  of  a  gum  bottle)  over  each  neck  of  the  woulfe,- 
but  fo  as  to  band  a  little  higher  than  the  glafs,  forming  a 
kind  of  wall  round  the  cork  and  tube,  to  receive  melted  wax, 
or  lute,  to  fecure  them  in  their  places. 

Defer iption  of  the  improved  Apparatus. 

Tier.  1.  (Plate  VII.)  A,  the  retort  joined  to  a  tubulated 
receiver  B.  C,  the  adaptor  ground  into  the  neck  of  the  tu¬ 
bulated  receiver,  and  furnidied  with  a  glals  valve  made  in 
the  fame  manner  as  thofe  ufed  in  the  improved  Nooth’s 
apparatus.  D,  woulfes  joined  to  the  adaptor  to  receive  the 
unabforbed  gas :  and  E,  a  bent  tube  to  carry  the  gas  that 
may  dill  pafs  unabforbed  either  into  a  pneumatic  apparatus 
or  into  a  chimney. 

Fio-.  3.*  the  valve  on  a  larger  fcale,  and  inferted  in  the  neck 
of  the  adaptor.  It  confids  of  an  internal  tube  of  fmall  ca¬ 
libre  but  pretty  bout  in  fubdance,  and  ground  into  an  exte¬ 
rior  tube  cl o fed  at  the  upper  end,  but  perforated  with  feveral 
frnall  holes  to  allow  the  gas  to  pafs.  After  the  internal,  tube 
is  ground  to  fit  the  external,  a  portion  of  it  is  cut  out  (as  at  a) 

*  If  the  tubes  are  not  veiy  thick,  the  heat  from  a  flare  lamp  of  tallow 
and  cotton-wick  is  iufficient  for  the  purpofe.  When  the  tubes  are  thick 
I  prefer  a  charcoal  fire  made  in  a  black  lead  crucible,  acrols  which  the 
tubes  may  be  eafily  heated  to  the  required  degree.  Whichever  of  thefe 
methods  be  followed,  the  heat  Ihould  not  be  applied  too  fuddenly  ;  nor 
fhnuld  the  tubes  be  blown  upon,  or  expofed  to  a  low  temperature,  to  cool 
them,  haftily,  as  bv  fuch  treatment  they  are  apt  to  fly. 
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fuflicient  to  receive  a  fmall  hemifphere  of  glafs,  and  to  allow 
the  hemifphere  to  rife  a  little  in  its  fmall  chamber,  but  not 
to  turn  over  in  it.  The  upper  piece  of  the  internal  tube  is 
then  thruft  home  to  the  place  in  which  it  is  to  remain,  and 
the  glafs  hemifphere  introduced,  with  its  plane  incumbent  on 
the  upper  end  of  the  lower  piece  of  the  internal  tube,  which  is 
ground  perfectly  flat,  as  is  alfo  the  plane  of  the  hemifphere. 
From  the  conftrudtion,  it  is  obvious  that,  by  the  upward 
preflure  of  any  gas,  the  glafs  hemifphere  may  be  raifed  fo  as 
to  allow  the  aeriform  fluid  to  pafs  into  the  adaptor,  but  that 
there  can  be  no  return  of  any  thing  into  the  receiver  even 
when  a  partial  vacuum  takes  place  in  it;  and  the  greater  the 
excefs  of  the  expanfive  force  or  preflure  exerted  at  any  time 
m  the  adaptor  over  that  maintained  in  the  retort  and  receiver, 
the  clofer  does  the  valve  become. 

Fig.  3.  two  adaptors,  A  and  B,  ground  to  fit  into  each  other, 
and  alfo  to  fit  into  C  of  fig.  t.  Any  number  may  be  fitted 
to  each  other  in  the  fame  manner.  By  this  apparatus  liquids 
may  be  highly  impregnated  with  the  gafeous  products  evolved 
during  diftillations.  The  bent  tube  T  is  for  the  purpofe  of 
conveying  the  fuperabundant  gas  to  a  chimney  or  to  a  pneu¬ 
matic  apparatus. 

Fig.  4.  improvement  in  the  mode  of  fitting  the  glafs  tubes 
in  a  Woulfe’s  apparatus.  This  has  already  been  fufficiently 
explained. 


XLIII.  Life  of  Joseph  Toaldo,  Profeffor  of  AJlro miry 

and  Meteorology  at  Padua . 
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OSEPH  TOALDO,  whofe  merit  as  a  philofopher  and 
meteorologift  is  .  well  known  in  all  the  civilized  countries  of 
Europe,  was  born  on  the  11th  of  July  1719  at  San  Lorenzo 
di  Pianezza,  a  fmall  village  near  Maroftica,  at  the  foot  of 
the  Alps,  in  the  valleys  of  Vicenza.  The  firfl  part  of  his 
education  he  received  from  various  ecclefiaftics,  who  gave 
him  an  early  tafie  for  the  fciences,  and  accufiomed  him  to 
diligence  and  application.  Tn  the  year  1733  was  ^ent  to 
the  feminary  of  Padua,  where  he  ftudied  Latin,  rhetoric, 
philofophy,  and  theology,  but  in  particular  the  mathema¬ 
tics.  Here  he  took  the  degree  of  dodtor  of  theology,  and 
was  deftined  for  the  place  of  a  teacher  in  the  fame  inflitution 
in  which  he  had  been  inftrudfed.  About  this  period  he 
began  to  diftinguifh  himfelf  as  a  writer.  The  firfl  literary 
labour  he  enpaped  in  was  a  new  edition  of  the  works  of  Ga- 

O  C 

lileo,  to  which  lie  added  various  fragments  never  before  pub- 
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lifhed,  together  with  annotations  and  a  preface.  This  edi¬ 
tion  contained  alfo  the  celebrated  dialogues  refpedling  the 
{yftem  of  the  world.  As  one  of  the  matters  of  the  above 
feminary,  he  taught  grammar,  rhetoric,  philofophy,  and 
mathematics;  ana  here  he  firft  introduced  the  infinitefimal 
calculus  according  to  the  principles  of  his  preceptor  Suzzi, 
one  of  the  moft  celebrated  analyfts  of  [taly.  His  fervices  to 
this  eflablifhment  were  foon  rewarded  by  the  archbifhop  with 
the  benefice  of  Montegalda,  which  he  enjoyed  for  fourteen 
years.  Though  this  place  engaged  a  great  deal  of  his  atten¬ 
tion,  it  allowed  him  fufficient  leifure  for  continuing  his  ma¬ 
thematical  ftudies,  which,  on  account  of  the  different  occu¬ 
pations  of  his  academical  office,  he  had  not  been  able  to 
purfue  with  that  attention  which  he  wifhed.  He  however 
exchanged  this  benefice  for  another  more  convenient,  after 
he  had  been  invited  by  the  fenate  of  Venice,  in  the  year  1762, 
to  take  upon  him  the  vacant  profefforfhip  of  aftronomy  and 
meteorology  in  the  univerfity  of  Padua. 

In  this  inflitution  he  found  it  neceffiary  to  make  a  great 
many  changes  in  order  to  render  his  inftruction  ufeful.  The 
firft  thing  to  be  done,  according  to  the  fyllem  which  he  pro- 
pofed,  was  to  ere£t  an  obfervatory.  The  curators  of  the  uni¬ 
verfity  complied  with  the  requelt  which  he  made  on  this  fub- 
je<$t,  and  intruded  to  him  the  care  of  drawing  up  the  plan 
and  fuperintending  the  conftru&ion  of  the  building.  On 
this  account  he  undertook  a  tour  through  Italy  for  the  pur- 
pofe  of  infpe&ing  the  principal  obfervatories,  that  he  might 
be  better  able  to  devife  a  plan  for  that  of  Padua.  The 
foundation  of  this  obfervatory  was  laid  in  the  year  17 67,  and 
in  1774  it  was  completed.  He  now  procured  an  excellent 
quadrant  from  England,  which  he  employed  for  making  ob- 
fervations  in  eonjun&ion  with  his  nephew  and  affiftani  Chi- 
minello.  To  fupplv  the  want  of  good  elementary  books  he 
pubiifhed  a  ffiort  view  of  plane  and  fpherical  trigonometry, 
with  tables,  under  the  title  of  Tavole  Trigonometric!  e,  con 
una  Introduziojie ,  qne  contiene  un  Compcndio  di  Trigonometria 
pianae  fpberica ,  applicata  alia  Pratica,  can  molte  altre  Tavole ; 
Padua  1769.  qto.;  which  was  afterwards  reprinted  and  in¬ 
troduced  into  many  of  the  Italian  feminaries. 

This  work  was  foon  followed  by  another  on  the  influence 
of  the  heavenly  bodies  on  the  weather  and  atmofphere ;  which 
greatly  contributed  to  extend  his  fame  as  a  philofopher,  and 
which  contained  the  reful t  of  a  long  feries  of  meteorological 
obfervations  made  by  him.  The  original  title  is,  Della^verti 
Influenza  degli  Ajtri  nelle  Stagioni  e  Mutazioni  di  Tempo , 
Saggio  meteorologicQ  jondato  fopra  lung  be  Qbferv  axiom ; 
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Padua  1770.  4to.  This  work,  which  made  the  author  known 
throughout  all  Europe,  was  tranflated  into  different  languages, 
and  procured  for  him  admiffion  into  various  learned  focieties. 
About  the  fame  time  he  publifhed  fome  e flays  in  favour  of 
eledtrical  condudtors,  many  of  which,  in  confequence  of  his 
recommendation,  were  eredted  in  the  Venetian  territories : 
alfo  a  chronological  view  of  uncommon  changes  in  the  wea- 
ther,  with  tables  of  the  (late  of  the  barometer,  and  flux  and 
reflux  of  the  fea.  In  the  year  1773  he  began  his  meteoro¬ 
logical  journal,  which  he  continued  till  his  death.  In  the 
year  1774  his  celebrity  was  ftill  further  increafed  by  his  an¬ 
swering  a  prize  queflion,  propofed  by  the  Academical  Society 
of  Montpellier,  on  meteorology  as  applied  to  agriculture; 
which  was  crowned  by  the  above  fociety,  and  printed  in  Ro- 
zier’s  Journal  de  Phyjiqne.  It  was  tranflated  in  almoft  every 
country  of  Europe,  and,  together  with  the  author’s  preceding 
work,  excited  general  attention  to  a  ftudy  which  before  had 
been  much  negledled  :  this  paper  contributed  alfo,  in  a  con- 
fiderable  degree,  to  the  eftablifhment  of  the  Meteorological 
Society  of  Manheim.  After  this  period  the  author  continued 
with  great  zeal  to  exert  himfelf  in  diffufing  meteorological 
knowledge,  and  in  improving  meteorological  inftruments ; 
and  in  1776  he  publifhed,  in  the  Economical  Journal  of 
Venice,  an  extradt  from  De  Luc’s  Treat! fe  on  the  Barometer 
and  Thermometer,  by  which  the  conflrudtion  of  thefe  inftru¬ 
ments  was  much  facilitated.  Next  year  (1777)  he  tranflated 
Lalande’s  Aftronomical  Tables  and  his  Abrege  de  V Afrono- 
mie,  as  he  did  afterwards  his  Ajlronomie  des  Dames',  and  he 
eredted  a  marble  buft  of  that  eminent  aftronomer  in  the  ob- 
fervatory.  After  this  time  his  attention  was  exclufively  di¬ 
rected  to  aftronomy  and  meteorology,  and  he  in  particular 
endeavoured  to  confirm  more  and  more  his  dodtrine  refpedfing 
the  influence  of  the  moon  on  the  different  changes  of  the 
weather.  He  publifhed  alfo  an  hiftorical  view  of  the  fer- 
vice  rendered  by  the  Venetian  fchools  to  aftronomy,  geo¬ 
graphy,  and  navigation.  In  the  year  1783  he  obtained,  in 
conjunction  with  his  nephew  Chiminello,  from  the  academy 
of  Manheim,  the  prize  for  the  beft  treatife  on  the  conftruc- 
tion  of  a  comparative  hygrometer;  and  in  1784  he  publifhed 
a  fmall  work  on  finding  the  longitude,  De  Metbodo  Longi- 
tudinum ,  et  Obfervatione  Trajfittis  Luna ?  per  Meridianum ; 
which  was  much  approved,  particularly  in  England.  From 
this  period  he  wrote  nothing  except  his  journal  till  the  year 
1787,  when  he  publifhed  a  fmall  work  in  two  {fleets,  entitled 
Confronto  delle  Ragioni  cot  principali  Prodotti  della  Cam - 
pagna,  which  appeared  at  Venice.  His  Tables  of  Vitality, 
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Lavoie  di  I-  itahta,  a  fmall  but  laborious  work,  was  printed 
next  year  at  Padua  and  Venice, 

j 

In  the  year  1788  he  undertook  a  third  tour*  to  Rome, 
Naples,  Triefle,  and  Tufcany  ;  during  which  he  examined 
the  place  where  Hannibal  eroded  the  Alps,  and  wrote  a 
paper  on  this  fubjefit,  which  was  inlerted  in  the  fourth  vo¬ 
lume  of  the  Tran  factions  of  the  /  cademy  of  Padua,  of 
which  he  had  been  a  member  from  the  time  of  its  eflablifh- 
ment.  Next  year  he  introduced  the  French  clocks  at  Padua, 
and  publifhed  a  treatife  on  gnomonics,  and  rcfpe&ing  fche- 
diafmata  ajlronomica ,  the  eclipfe  of  the  fun,  and  the  paf- 
fage  of  Mercury. 

Befides  thele  works,  the  public  were  indebted  to  him  for 
various  Short  eflfays,  p.ubhfhed  Sometimes  in  his  own  journals 
and  printed  fometinies  feparatcly  :  Inch  as  a  diort  treatife  on 
chronology ;  an  eday  on  the  extraordinary  w  inter,  together 
with  a  chronological  view  of  the  weather  in  general;  Several 
rcfearches  refpecHing  the  continued  drought  of  the  winter  of 
the  year  1779  ;  on  fogs,  atid  the  influence  of  fiery  meteors; 
a  prognoftication  of  the  weather  from  the  flight  of  birds; 
confederations  on  a  new  cycle,  and  the  date  of  the  planets ; 
general  rules  lor  foretelling  the  periods  of  rain  and  wind  in 
the  Adriatic  gulph,  from  an  obfervation  of  the  heavens. 
Other  papers  by  him  are  to  be  found  in  many  of  the  public 
Journals,  and  in  the  TranfaH ions  of  learned’ Societies.  The 
Journal  of  Modena  contains  his  defence  of  Leibnitz  againlt 
De  Luc,  and  obfervations  on  the  falling  of  the  mercury  in 
the  barometer  during  rainy  weather;  that  of  Pifa,  a  treatife 
on  the  influence  of  the  moon,  in  anfwer  to  the'obje&ions  of 
Frifl.  Various  meteorological  and  philofophical  papers  writ¬ 
ten  by  him  may  be  found  likewife  in  the  Venetian,  Vicentine, 
and  Milanefe  journals,  in  tome  of  the  French  journals,  and 
in  the  Tranfa&ions  of  the  Society  of  Manheim.  The  Phi¬ 
lofophical  Tranfa&ions,  thofe  of  the  Inftitute  of  Bologna, 
and  of  the  Academy  of  Berlin,  contain  three  of  his  papers, 
viz.  De  jEJIu  reciproco  Ddans  tit  d rici tici ;  De  0 a  lore  IjUtuiti  1 
and  De  F  1  Limes  in  titmofphesravi^  ex  Obj erv citiombus  bare- 
metritis.  Some  of  his  aitronomical  oblervations  wrere  pub¬ 
lished  in  the  Memoirs  of  the  Academy  of  Sciences  at  Paris. 

I  he  1  ranfadtions  of  the  Academy  of  Padua,  however,  con¬ 
tain  the  greateft  number  of  papers  written  by  this  diligent 
philosopher :  fuch  as,  a  defcripiion  of  an  aurora  borealis , 
with' a  chronological  account  of  the  appearance  of  this  phaA 

*  Be.?de!  rhe  tour  above  mentioned  for  infpefting  the  Italian  obferva- 
tories,  ie  had  undertaken  a  fecond  about  the  year  1 7S0,  through  Lom~ 
lardy,; Piedmont,  and- to  the  coatt  of  Genoa. 
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nomenon  fince  the  time  of  the  Romans ;  a  determination  of 
the  longitude  and  latitude  of  the  obfervatory  of  Padua;  a 
treatife  on  the  phyfical  properties  of  the  atmofphere  in  dif¬ 
ferent  places,  from  thermometrical  and  barometrical  obferva- 
tions,  and  from  the  phenomena  of  vegetables  ;  obfervations 
on  thunder;  refearches  refpecting  the  heat  in  fcveral  parts  of 
Italy,  from  the  latitude  of  41  to47°;  defeription  of  a  beautiful 
fire-ball  feen  on  the  1  ith  of  September  1784  at  Padua;  and 
a  great  many  agronomical  obfervations  made  in  conjunction 
with  Chimincllo.  He  left  behind  him  ieveral  works  in  ma- 
nufeript,  among  which  were,  obfervations  on  the  travels  of 
Marco  Polo,  and  on  the  real  epoch  of  the  celebrated  Chinefe 
wall. 

Amidft  fuch  occupations  Toaldo  fpent  his  days  in  trail- 
quillity,  notwith  (landing  the  unhappy  ferment  which  prevailed 
in  his  native  country;  and  might  perhaps  have  been  ill! I 
alive  had  not  his  end  been  flattened  by  chagrin.  A  fruitlefs 
attempt  made  in  favour  of  a  young  man  who  had  been  de¬ 
prived  of  his  office,  gave  him  fo  much  uijeatinefs,  that  he  fir  ft 
loft  his  natural  vivacity,  and  foon  after  felt  himfelf  indifpofed; 
on  the  7th  of  November  1797  he  was  attacked  by  a  nervous 
affection,  and  died  on  the  11th,  in  the  79th  year  of  his  age. 

Toaldo  was  of  fmall  flature,  had  a  friendly  afpedt,  and  in 
general  an  appearance  that  infpired  confidence.  His  conduct 
was  amiable,  his  deportment  eafy,  and  his  converfation, 
which  was  animated,  difplayed  great  knowledge  and  an  ex¬ 
tend  ve  acquaintance  with  various  branches  of  fcience  :  fimple 
m  his  manners,  open  and  fincere,  he  abandoned  himfelf  only 
to  the  fofter  paffions,  and  feemed  to  have  no  other  ambition 
than  that  of  being  ufeful.  He  was  fteady  in  his  friendfhip, 
always  ready  to  do  good  offices  in  the  molt  difinterefted  man¬ 
ner,  and  indulgent  towards  every  one.  To  the  talents  of  a 
literary  man  he  added  the  virtues  of  the  citizen,  and  there¬ 
fore  was  univerfally  refpebted,  efpecially  by  thofe  who  en¬ 
joyed  his  intimate  acquaintance. 


XLIV.  Account  of  the  Difcovery  of  Coal  at  the  Cape  of 

Good  Hope'*. 

In  mod  families  at  Cape  Town  a  flave  is  kept  exprefsly  for 
collecting  fire-wood.  He  goes  out  in  the  morning,  afeends 
the  fleep  mountains  of  the  peninfula,  where  waggons  cannot 
approach,  and  returns  at  night  with  two  fmall  bundles  of 

'*  From  Barrows  Travels. 
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faggots  (the  produce  of  fix  or  eight  hours  hard  labour)  Twing¬ 
ing  at  the  two  ends  of  a  bamboo  carried  acrofs  the  fhoulder. 

Some  families  have  two  and  even  three  fiaves,  whofe  foie 
employment  confifts  in  climbing  the  mountains  in  fearch  of 
fuel.  The  expenfe  of  a  few  faggots,  whether  thus  collected 
or  purchased  by  the  load,  for  preparing  victuals  only,  as  the 
kitchen  alone  has  any  fire-place,  amounts,  in  a  moderate  fa¬ 
mily,  to  forty  or  fifty  pounds  a  year. 

The  addition  to  the  inhabitants  of  five  thoufand  troops, 
and  a  large  fleet  ftationed  at  the  Cape,  increafed  the  demand 
for  fuel  to  fuch  a  degree,  that  ferious  apprehenfions  were  en¬ 
tertained  of  fome  deficiency  fhortly  happening  in  the  fupply 
of  this  neceflfary  article.  Under  this  idea,  the  attention  of 
the  Englifh  was  directed  towards  finding  out  a  fubflitute  for 
wood.  The  appearance  of  all  the  mountains  in  fouthern 
Africa  being  particularly  favourable  to  the  fuppofition  that 
foffi]  coal  might  be  found  in  the  bowels  of  moft  of  thofe  in¬ 
ferior  hills  connedfed  with  and  interpofed  between  them  and 
the  fea,  his  excellency  the  earl  of  Macartney,  well  knowing 
how  valuable  an  acquifition  fuch  a  difcovery  would  prove  to 
the  colony,  directed  a  fearch  to  be  made. 

Boring-rods  were  prepared,  and  men  from  the  regiments 
who  had  laboured  in  the  collieries  of  England  were  feledled 
to  make  the  experiment.  YVynberg,  a  tongue  of  land  pro¬ 
jecting  from  the  Table  Mountain,  was  the  fpot  fixed  on,  and 
the  rods  were  put  down  there  through  hard  clay,  pipe  clay, 
iron-ftone,  and  fand-ftone,  in  fu^ceffive  ftrata,  to  the  depth 
of  twenty-three  feet.  The  operation  of  boring  was  then  dif- 
continued,  by  a  difcovery  then  made  of  adtual  coal  coming 
out,  as  miners  exprefs  it,  along  the  banks  of  a  deep  rivulet 
flowing  out  ot  the  Tygerberg,  a  hill  that  terminates  the  ifth- 
mus  to  the  eaftward.  The  ftratum  of  coaly  matter  appeared 
to  lie  nearly  horizontal.  Immediately  above  it  was  pipe  clay 
and  white  fand-ftone,  and  it  refied  on  a  bed  of  indurated 
clay.  It  ran  from  ten  inches  to  two  feet  in  thicknefs;  dif¬ 
ferent  in  its  nature  in  different  parts ;  in  fome  places  were 
dug  out  large  ligneous  blocks,  in  which  the  traces  of  the 
bark,  knots,  and  grain,  were  diftindtly  vifible;  and  in  the 
very  middle  of  thefe  were  imbedded  pieces  of  iron  pyrites, 
running  through  them  in  crooked  veins  or  lying  in  irregular 
lumps.  Other  parts  of  the  ftratum  confided  of  laminated 
coal  of  the  nature  of  turf,  fuch  as  by  naturahfts  would  he 
called  lithanthrax ,  and  pieces  occurred  that  fecme^l  to  differ 
in  nothing  from  that  fpecies  known  in  England  by  the  name 
of  Bovey  coal.  The  ligneous  part  burned  with  a  clear  flame 
without  much  fmelJ,  and  left  a  refidutun  of  liirht  white  afhes 
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Kke  thofe  of  dried  wood.  The  more  compact  earthy  and 
ftoney  parts  burned  lefs  clear,  gave  out  a  fulphureous  fmell, 
and  left  behind  a  ftaty  caulk,  that  foon  contracted  on  the  fur- 
face  a  deep  brown  ochraceous  cruft.  The  borer  being  put 
down  in  feveral  places  in  hopes  of  meeting  with  the  main 
bed  of  coal,  the  general  refill  t  was  as  follows : 


In  the  bed  of  the  rivulet :  Feet. 

Coal  -  ~  2 

Blue  foapy  rock  -  5 

White  foapy  rock  -  -  -  22 

Gray  fand-ftone  with  clay  -  -  21 

Sand-ftone  of  chocolate  brown  -  -14 

Blueifh  foapy  clay.  -  -  31 

Striated  fand,  red  and  white,  containing  clay  -  33 


128 

Here  the  operation  was  difcontinued. 


XLV.  Notices  reflecting  New  Bools. 

BABYLONIAN  INSCRIPTIONS. 

T HOUGH  a  great  many  travellers  fpeak  of  the  ruins  of 
the  antient  Babylon,  and  deferibe  the  bricks  of  which  thefe 
ruins  are  compofed,  very  few’  of  them  have  noticed  the  lin¬ 
gular  inferiptions  or  characters  imprefted  on  them.  Pietro 
della  Valle,  a  molt  circumftantial  and  accurate  traveller, 
even  carried  fome  Babylonian  bricks  to  Italy,  one  of  w  hich 
he  prefented  to  Kircher,  then  redding  at  Rome,  to  be  pre¬ 
served  in  his  mufaeum,  Hill  extant  in  that  city  ;  but  neither  he 
himfelf,  nor  that  learned  jefuit,  who  was  fo  much  engaged  in 
refearches  refpeCting  Egyptian,  Chinefe,  and  other  kinds  of 
oriental  literature,  ever  made  mention  of  Babylonian  inferip¬ 
tions. 

The  firft  by  whom  they  wrere  noticed  feems  to  have  been 
father  Emanuel,  a  Carmelite  friar,  who,  having  redded  fome 
time  at  Bagdad,  in  his  manufeript  account,  fpeaks  of  cha¬ 
racters  imprefted  on  the  antient  bricks  ftill  remaining  among 
the  ruins  of  Babylon,  which,  d’Anville  fays,  would  fupply 
the  literati,  who  are  dedrous  of  penetrating  into  the  remote!! 
antiquity,  with  entirely  new  matter  for  meditation  and  ftudy. 

After  him  Niebuhr,  in  his  Travels  to  Arabia,  mentions 
inferiptions  on  the  Babylonian  bricks  ftill  extant,  but  with¬ 
out  telling;  w  hether  thev  contained  characters  unknowm,  or 
dmilar  to  any  already  difeovered;  only,  when  fpeaking  of 

R  4  the. 


264  'Notices  respecting  New  Bools., 

the  bricks  on  which  they  are  infcribed,  he  fays,  that  he  faw 
infcriptions  of  the  fame  kind  on  other  bricks  at  Bagdad  and 
in  Perfia. 

But  the  moft  circumftantial,  and  the  moft  recent  notice  re- 
fpeCting  them,  is  that  of  M.  Beauchamp,  correfpondent  of 
the  Royal  Academy  of  Sciences  at  Paris,  who,  by  redding 
feveral  years  at  Bagdad,  had  more  leifure  to  examine  and 
defcribe  the  ruins  of  Babylon  ;  which  he  did  in  his  account 
inferted  in  the  Journal  des  Savans  for  1790. 

In  this  account,  the  author,  fpeaking  of  the  remains  of 
Babylon,  fays, — “  On  the  fide  of  the  river  are  thole  immenfe 
ruins  which  have  ferved,  and  ftill  ferve,  for  the  building  of 
Helle,  an  Arabian  city  containing  ten  or  twelve  thoufand 
inhabitants.  Here  are  found  thole  large  and  thick  bricks, 
imprinted  with  unknown  characters,  fpecimens  of  which  I 
have 'preferred  to  the  abbe  Bartheiemy.”  What  kind  of 
characters,  however,  thefe  were*  neither  Beauchamp  nor  that 
celebrated  antiquary,  who  wrote  with  fo  much  ability  on  the 
Phoenician,  Palmyrenian,  and  other  infcriptions,  thought 
proper  to  determine;  and  it  is  only  by  his  fuccefl'or, 
M.  Millin,  that  we  have  lately  been  made  acquainted  with 
the  exiftence  of  fome  Babylonian  bricks  at  Paris,  containing 
infcriptions,  which  were  lent  by  Beauchamp  from  Babylon^ 
and  of  which  drawings  or  copies  were  tranfmitted  to  M.  Her¬ 
der,  at  W  eimar,  and  to  profcfior  Munter,  at  Copenhagen. 

In  the  mean  time,  the  Honourable  Eaft  India  Company, 
being  always  defirous  to  lend  their  affiftance  to  thofe  who 
may  be  employed  in  the  elucidation  of  oriental  antiquities, 
and  being  informed  that,  near  the  town  of  Hillah,  on  the 
river  Euphrates,  there  exift  the  remains  of  a  very  large  and 
magnificent  city,  fuppofed  to  be  Babylon;  and  that  the  bricks 
of  which  thofe  ruins  are  compofed,  are  remarkable  for  con¬ 
taining,  on  an  indented  fcroll  or  label,  apparently  a  diftich, 
311  charaClers  totally  different  from  any  now  made  ufe  of  in 
the  Eaft,  directed  the  governor  of  Bombay  to  give  orders  to 
their  reiident  at  Bafforab,  to  procure  from  thence  ten  or  a 
dozen  of  the  bricks,  and  to  tranlmit  them,  carefully  packed 
up,  as  early  as  pofiible  to  Bombay,  that  they  might  be  thence 
forwarded  to  them  in  one  of  their  fhips  failing  for  England. 

In  c.onfeq iience  we  were  gratified,  at  the  commencement 
°f  the  prefen t  year  and  century,  at  London,  with  the  firft 
view  of  infcriptions,  which,  on  comparing  them  with  the 
PerfepOiitan  charafters  as  given  by  Le  Bruyn,  Chardin, 
Niebuhr,  and  other  travellers,  appeared  to  be  of  the  fame 
origin,  being  only  more  complex,  and  connected  by  long- 
lines,  forming  whole  and  half  fquares,  ftars,  triangles.  See.: 
3  fo 
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fo  that  they  prove  to  be  a  different  combination,  though  formed 
of  nearly  the  fame  elements  and  nail-headed  itrokes. 

It  is  well  known  that,  for  more  than  a  century  paft,  about 
which  time  the  Perfepolitan  infcriptions  were  firft  difcovered 
by  European  travellers,  opinions  have  been  much  divided 
refpeCting  thefe  characters.  Some  have  believed  them  to  be 
talifmans,  and  others  the  characters  of  the  Guebres,  or  an- 
tient  inhabitants  of  Perfia;  others  held  them  for  mere  hiero¬ 
glyphics,  and  others  for  alphabetic  characters,  like  ours. 
Kaempfer  fuppofed  them  to  exprefs  whole  ideas,  like  the 
Chinefe  characters,  but  that  they  had  been  appropriated 
folely  for  the  palace  of  Iftakhar. 

After  that  period,  however,  fome  of  a  ffmilar  kind  were 
found  alfo  in  Egypt ;  but  as  neither  the  Egyptian  hierogly¬ 
phics,  nor  the  characters  obferved  on  the  mummies,  had  the 
lead  refemblance  to  them,  they  ferved  only  to  prove  the  con¬ 
nexion,  which  we  know  from  hiftory  that  Perfepolis  once 
had  with  Egypt.  Rafpe,  on  finding,  fome  others  on  a  cy¬ 
linder  of  loadftone,  perfuaded  himfelf  that  they  were  the 
fame  with  the  Chinefe  characters ;  and,  con fequently,  that 
the  Chinefe  writing  had  been  formerly  known  and  cultivated 
oti  this  fide  of  the  Ganges. 

The  above  account  of  the  difeovery  of  thefe  infcriptions  is 
taken  from  Dr.  Hager’s  preface  to  his  late  work  entitled  Dif¬ 
fer  tation  on  the  newly  difcovered  Baby  Ionian  Infcriptions  #,  in 
which  the  learned  author  endeavours  to  prove  that  the  Perfe¬ 
politan  characters  were  derived  from  the  Babylonian. 

“  By  the  Babylonian  bricks  here  exhibited,”  fays  the 
learned  author,  “  the  whole  difficulty  in  regard  to  their 
origin  is  removed;  as  it  is  evident  that  Babylon,  in  point  of 
cultivation,  was  much  earlier  than  Perfepolis,  and  that  the 
Chaldeans  were  a  celebrated  people  when  the  name  of  the 
Perfians  was  fcarcely  known. 

cc  To  confirm  this  opinion,  and  by  it  to  prove  that  the 
Perfepolitan  characters  were  derived  from  the  Babylonian, 
I  have  thought  it  neceffary  to  begin  this  work  by  a  brief 
examination  of  the  antiquity,  extent,  and  fciences  of  the 
Babylonians  fand  through  fcantinefs  of  original  monuments, 
to  prove,  by  affronomy,  architecture,  and  languages,  their 
well-founded  claim  to  antiquity.  At  the  fame  time  I  have 
endeavoured  to  fhow  that  not  only  the  Perfians,  but  alfo  the 
Indians,  were  difciples  of  the  Chaldeans;  and  that  the  Egyp¬ 
tians  themfelves,  who  pretend  to  be  the  inftruCtors  of  all  na¬ 
tion^,  probablv  derived  their  pyramids  and  obelifks  from  Ba¬ 
bylon.  Proceeding  then  to  the  Babylonian  infcriptions,  I 

'*  To  be  had  at  Richardfons,  and  Cuthell  and  Martin’s. 
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have  fhown  their  fimilarity  to  that  celebrated  alphabet  which 
the  Indians  call  divine  or  celeftial  ( ' deva-nagari)y  becaufe 
they  believe  that  it  was  communicated  by  the  Deity  himfelf 
in  a  voice  from  heaven ;  and  I  have  tried  to  prove  that  they 
were  not  derived  from  heaven,  but  from  our  earth,  and  from 
the  borders  of  the  Euphrates.  I  have  confirmed  my  affertion 
by  means  of  the  Tibetan  characters,  thole  acknowledged  de¬ 
scendants  of  the  Indian  ones,  and  thus  endeavoured  to  in¬ 
validate  the  opinion  of  that  great  antiquity  and  boafted  ori¬ 
ginality  of  the  Bramins.” 

In  a  future  Number  we  (hall  give  a  further  extract  from 
this  curious  work :  in  the  mean  time  we  prefent  our  readers 
with  a  Specimen  of  the  inscriptions,  (See  Plate  VIII.) 

MEDICINE. 

Profeffor  Schumacher,  of  Copenhagen,  has  publifhed  the 
firft  volume  of  his  Medico- chirurgical  Observations.  As 
the  author  attends  an  hofpital,  he  had  occafion  to  make 
curious  remarks  worthy  of  confidence.  His  zeal  induced  him 
to  fubflitute  in  his  practice  the  ufe  of  indigenous  for  that  of 
foreign  plants.  He  has  employed  the  gratiola  inftead  of  ipe¬ 
cacuanha.  In  Such  cafes  when  this  plant  does  not  produce  its 
effeCt,  he  recommends  affifting  it  with  the  addition  of  a  little 
rhubarb.  He  has  discovered  that,  in  wounds  and  ulcers  at¬ 
tended  with  inflammation,  the  cortex  hippocajlani  or  cortex 
f alias  produces  the  fame  effeCt  as  cortex  peruvia?ius ,  which  is 
far  dearer.  The  carex  arenaria ,  alfo,  may  be  fubfiituted  for 
farfaparilla.  It  refults  from  the  author’s  experiments,  that 
the  fahee  pichurim  are  an  efficacious  remedy  for  the  whites  ; 
efpeciahy  when  the  difeafe  is  inveterate,  and  arifes  from 
weaknefs. 

Dr.  Tode,  of  Copenhagen,  continues  alfo,  with  fuccefs,  his 
Medico-chirurgical  Dictionary.  In  the  firlt  number  of  the 
fifth  volume  the  author  informs  the  faculty  that  a  foetus  of 
199  days  is  fufceptible  of  being  brought  into  the  world  alive, 
but  without  all  the  Symptoms  of  perfeCt  conformation,  and 
without  being  in  a  State  to  prolong  its  exigence. 

MEDICAL  JURISPRUDENCE. 

Citizen  Bellock,  a  French  phyfician,  has  lately  publifhed 
a  work  entitled  Legal  and  Judicial  Medicine,  The  objeCt 
of  this  work  is  to  inquire  how  far  medical  knowledge  may 
be  ufefully  employed  in  legal  investigations.  The  author 
has  treated  the  fubjeCfc  with  much  ability,  and  with  all  that 
cautious  pyrrhonifm  So  neceffary  in  an  inquiry  of  Such  im¬ 
portance.  Among  the  points  he  difeuffes  we  Shall  notice  the 

following  : 


Notices  rcfpe cling  New  Booh . 


following  : — x.  Are  there  criteria  by  which  we  may  difcover 
whether  a  perfoa  has  hanged  himfelf,  or  been  hanged  by 
others? — 3.  Can  it  be  afcertained  whether  a  human  body 
found  dead  in  water  has  been  drowned,  or  whether  the  perfoa 
had  been  thrown  in  after  death  ? 

He  does  not  omit  to  notice  the  two  famous  trials  of  the 
lad  century,  in  which  much  light  was  thrown  on  thcfe  two 
queftions.  The  one  related  to  the  unfortunate  Calas  con¬ 
demned  at  Touloufe,  and  folemnly  judified  at  Paris:  the 
other  to  young  Sirvan,  found  drowned  in  a  well  a  league 
from  his  father’s  houfe. 


BOTANY. 


Dr.  Schrader,  one  of  the  mod  celebrated  German  bota* 
nifts,  publifhes  at  Gottingen  a  botanical  journal  containing 
an  account  of  the  mod  important  difcoveries  in  regard  to  the 
fcience  of  vegetables.  This  journal,  written  in  Latin  and  in 
German,  appears  every  three  months.  Each  number  or  vo¬ 
lume  confids  of  about  450  pages  duodecimo,  illuftrated  with 
three  plates,  each  of  which  exhibits  feveral  figures.  The 
author  divides  each  number  into  four  parts.  The  firft  is 
deltined  for  the  papers  and  memoirs  addrefl'ed  to  him ;  in 
the  fecond  he  gives  an  extra 61  from  new  works ;  the  third 
contains  the  mod  important  difcoveries  and  obfervations 
made  in  the  fcience  of  botany;  and  the  fourth,  every  thing 
mod  intereding  in  the  correfpondence  which  the  author 
maintains  with  the  literati  in  Europe. 

Though  every  part  of  botany  is  cultivated  with  the  moft  bril¬ 
liant  fuccefs  in  the  north  of  Europe,  the  lludy  of  the  crypto- 
gamia  clafs  of  plants,  that  is  to  fay,  thofe  the  fexual  organs 
of  which  are  difficult  to  be  difeovered,  feems  to  engage,  in 
a  particular  manner,  the  botanifts  of  thofe  countries.  To 
them  we  are  much  indebted  for  the  light  which  has  been 
thrown  on  this  department  of  botany.  The  labours  of 
Hedwig,  Hoffman,  Schrader,  Humboldt,  Perfoon,  Fiiigge, 
Stromeyer,  &x.  have  diffipated  the  obfeurity  with  which  the 
nature  and  origin  of  nmfhrooms  were  furrounded.  This 
journal,  therefore,  of  which  fix  numbers  have  already  ap¬ 
peared,  as  it  contains  all  the  new  difcoveries  and  obferva¬ 
tions  in  regard  to  botany,  cannot  fail  to  be  of  utility  to  thofe 
who  are  fond  of  this  fcience. 

A  very  valuable  work  on  this  fubje£t  is  now  publifhing  in 
Paris.  It  is  an  account  of  new  and  rare  plants  collected  by 
C.  Cells,  with  fine  plates.  The  hidory  of  thcfe  plants  is 
drawn  up  with  great  ability  by  the  celebrated  botanid  Ven- 

lenat. 
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tenaK  of  the  National  Inftitute.  Four  numbers  of  this  work 
have  already  appeared  :  the  fifth  is  about  to  be  publifncd. 

MINERALOGY. 

A  very  valuable  treatife  oh.  this  fubjedl  has  juft  been  pub- 
liftied  by  C.  Haiiy,  member  of  the  National  Inftitute,  and 
keeper  -  of  the  mineralogical  collections  of  the  School  of 
Mines;  4  vols.  8vo.,  and  a  quarto  volume  of  plates.  A  fine 
edition  of  the  fame  work,  confiftino-  of  the  fame  number  of 
volumes,  in  4to.,  was  publifbed  at  the  fame  time. 


XLVL  Pi  'oceedlngs  of  Learned  and  Economical  Societies. 

ROYAL  SOCIETY  OF  LONDON. 

A  T  the  anniverfary  meeting  on  the  30th  of  November 
the  amount  of  receipts  and  expenditures  was  declared,  and 
the  names  of  the  new  and  the  deceafed  members  were  read 
over  by  the  fecretary. 

The  prefident,  the  Right  Hon.  Sir  Jofeph  Banks,  K.  B. 
in  the  name  of  the  Society,  prefented  Sir  Godfrey  Copley’s 
gold  medal  to  Mr.  Aftley  Cooper  for  his  paper  on  the  effects 
which  take  place  from  the  deftruclion  of  the  membrana  tym- 
pani,  and  on  an  operation  for  the  removal  of  a  particular  fpe- 
cies  of  deafnefs. 

Afterwards  the  Society  proceeded  to  the  choice  of  the 
council  and  officers  for  the  enfuing;  year. 

The  members,  as  ufual,  on  that  day  dined  together  at  the 
Crown  and  Anchor  tavern,  in  the  Strand. 

Dec.  10.  was  read  a  paper  by  Dr.  Mafkelyne,  aftronomer 
royal,  drawn  up  from  the  notices  publifhed  by  Piazzi,  of  his 
difeovery  of  a  new  planet  rather  larger  than  our  earth,  and  re¬ 
volving  in  an  orbit  between  Jupiter  and  Mars;  to  which  he 
propofes  giving  the  name  Ceres  Ferdlnandla.  All  doubts  re- 
fpeefing  this  difeovery  will  be  refolved  at  its  next  appearance 
in  March  1802. 

On  the  17th  was  read  a  paper,  by  Everard  Home,  Efq. 
giving  an  account  of  one  of  the  moft  extraordinary  fubjedls 
of  comparative  anatomy  that  has  ever  appeared — a  deferip- 
tion  of  the  Platypus  anatinus ,  an  amphibious  animal,  of 
which  a  male  and  a  female  were  brought  from  New  South 
Wales.  They  are  there  found  011  the  banks  of  one  of  the 
lakes,  in  which  they  fwim  not  on  the  furface,  but  occaftonally 
come  up  to  refpire.  It  has  four  ftiort  legs  furniffied  with 


Jablonowjky  Society  of  the  Sciences  at  Lelpjic,  &>c.  269 

claws,  ancl  the  mouth  is  terminated  by  a  "bill  like  a  duck. 
'  .  *  • 

The  parts  of  generation  are  mod  uncommon,  and,  from  the 
female  not  having  a.  uterus,  Mr.  Home  is  led  to  MpcH  it  is 
oviparous.  * 

THE  JABLOXOWSKY  SOCIETY  OF  THE  SCIENCES  AT 


LEIPSIC. 

This  Society  has  pronofed  for  1803  the  following; 

J  1-1  o 

v  '  3 

Prize  Qucjlions : 

Hijlory. — An  account  of  the  rights  and  condition  of  the 
dignity  of  earl  in  the  northern  kingdoms. 

Mathematics. — An  accurate  view  of  the  progrefs  and  im¬ 
provement  of  the  mechanical  faiences  during  the  eighteenth 
century. 

Economy . — On  the  influence  of  the  atmofphere  on  the  fer¬ 
tility  of  the  foil,  according  to  the  lateit  experiments  and  re- 
fearehes.  How  far  may  the  nature,  fituation,  and  culture  of  the. 
foil  contribute  to  render  this  influence  a  Hive  and  powerful  ?. 

Tlie  fa£ts  adduced  by  the  candidates  in  their  papers 
mud  be  confirmed  by  the.  tedimonv  of  refpecfable  authors; 
but  the  papers  themfelves,  according  to  a  condition  eda- 
blidied  by  the  founder,  iriud  be  written  in  Latin  or  in 
French.  The  prizes  confift  of  gold  medallions  of  the  value 
of  24  ducats  each. 

The  fociety  invites  all  the  friends  and  promoters  of  fcience 
to  anfwer  the  above  queftions.  The  anfwers  mud  be  trans¬ 
mitted,  with  a  fealed  note  containing  the  name  and  refidence 
of  the  author,  to  Charles  Frederick  Hindenburg,  profeflbr  of 
philofophy  at  Leipfic.  'Hie  period  for  receiving  the  anfwers 
has  not  yet  been  announced. 


ACADEMY  OF  THE  USEFUL  SCIENCES  AT  ERFURT. 

In  the  fitting  of  May  2,  M.  Refch  laid  before  the  fociety 
Several  fpecimens  of  leather  tanned,  according  to  his  procefs, 
by  means  of  one-fourth  bark  and  three-fourths- turf  (black 
peat-mofs),  which  were  found  exceedingly  good  :  on  account, 
however,  of  fome  doubts  excited  in  regard  to  the  activity  oi 
turf,  he  means  to  caufe  bis  experiments  to  be  repeated. 

M.  Homeyer,  of  Zimmer  near  Alfeld,  tranfmitted  to  the 
fociety  fome  twigs  grown  together,  in  order  to  (flow  how 
mankind  may  have  fallen  upon  the  invention  of  grafting. 

Two  papers  were  read,  one  on  the  'afplenium  and  fome  kinds- 
of  fern  related  to  it,  by  M.  Bernhardi,  of  Erfurt ;  and  ex¬ 
periments  on  the  preparation  of  cinnabar  in  the  wet  way, 
by  M.  Bucholz,  of  Erfurt.  *  ,  * 

“  -  -  Id! 
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In  the  fitting  of  June  2,  profefTor  Frank  read  a  paper  on 
the  queflidn  lately  proposed  bv  Meffrs.  Anton  and  Krefch- 
man — whether  the  origin  of  Bards  and  the  Druids  can  be 
juftly  afcribed  to  the  old  Germans?  The  author  is  of  the 
opinion  of  thole  who  anfwer  this  queffion  in  the  negative. 

french  national  institute. 

Account  of  the  labours  of  the  French  National  Inftitute 
during  the  la  ft  three  months  of  the  year  9. 

[Continued  from  p.  i8S.] 

Observations  made  during  three  Nears  on  the  metallic  Chains 
fufpended  from  the  Dome  of  the  Pantheon  to  afeertain  any 

horizontal  or  vertical  Change  that  might  take  place  in  the 

Building.  By  C.  Prcry . 

The  late  minifter  of  the  interior,  Benezech,  having  ap¬ 
pointed  a  commifficn  to  refume  the  labours  of  thofe  before 
eftablifhed  for  examining  the  Pantheon,  and  pointing  out 
the  means  that  might  be  nec elfary  for  its  prefervation> 
C.  Prony,  member  of  this  com  million,  read  an  interefting 
memoir  on  this  1  abject.,  which  was  heard  with  great  atten¬ 
tion.  Five  metallic  chains,  compofed  of  links  each  3*9 37 
inches  in  length,  are  fufpended  below  the  cupola  of  the  Pan¬ 
theon.  Four  of  thefe  chains  are  parallel  to  the  vertical  fur- 
faces  of  the  planes  of  the  pillars ;  the  fifth  is  attached  to 
the  centre  of  the  exterior  dome,  and  hangs  down  near  to 
the  ground.  The  centres  of  five  horizontal  circular  plates 
are  made  to  correfpond  very  exactly  to  the  points  where  the 
weights  with  which  each  chain  is  loaded  terminate.  Thefe 
plates  are  raifed  on  vertical  graduated  llalks,  which  rife  and 
fall  freely  in  fockets,  and  which  can  be  fixed  to  any  height 
by  means  of  ferews.  Concentric  circles  are  traced  out  on 
each  plate,  and  meteorological  inflruments  placed  in  different 
parts  of  the  edifice  indicate  the  differences  of  temperature. 

Chains  fufpended  in  this  manner  can  fink  down  only  in 
con feq uence  of  three  caufes.  iff,  The  dilatation  of  the  metal, 
which  would  augment  their  volume  and  the  length  of  their 

c  o 

mafs :  2d,  Elongation,  occafioned  by  an  exteniion  which  a 
certain  weight  might  give  to  that  length  where  the  fyflem  is 
interrupted  by  links:  3.  The  partial  or  total  finking  of  the 
edifice. 

The  effe&s  which  changes  of  temperature  might  produce 
on  a  metallic  fyftem,  interrupted  bv  links,  were  examined 
with  as  much  accuracy  as  it  is  pofiible  to  attain  to  in  re- 
fearches  of  this  nature,  with  an  inffrument  invented  by  that 
eminent  artilt  Ramfden.  Lavoifier  and  Laplace  repeated 
6  thefe 
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thefe  experiments  at  the  houfe  of  C.  Prony,  and  {ho wed  that 
plates  of  different  metals  are  lengthened  by  a  given  and  con¬ 
stant  quantity,  from  the  temperature  of  ice  to  that  of  boiling 
water  *.  0 

The  fecond  caufe  of  elongation  is  eftimated  by  a  method 
described  with  great  accuracy  in  Prony's  memoir. 

lhe  third  was  that  of  the  greateft  importance  to  be  known 
to  the  commiffion ;  for  fome  architeds  entertained  fears  that 
the  edifice  was  finking.  This  movement,  according  to  the 
hypothefes  of  fome,  by  caufing  the  pillars,  which  are  faid  to 
be  too  weak  to  fuftain  the  mafs,  to  give  way,  would  have 

cruflied  them,  and  the  dome  would  have  funk  vertically  on 
itfelf. 

The  poffibili ty  of  fuch  a  difaftrous  effed  fuggefted  to  the 
commiffion  a  defire  to  afeertain  how  far  this  was  probable* 
Prony  has  detailed,  in  his  memoir,  a  great  number  of  pre¬ 
cautions  which  he  took  to  eftimate  this  danger.  After  a 
long  and  accurate  inveffigation,  he  was  convinced  that  no 
alteration  has  taken  place  in  the  furfaces  of  the  walls  of  the 
foundation,  and  particularly  in  the  vertical  direction  of  the 
pillars  ;  that  the  paralleliim  of  the  circular  cornices  of  the 
cupola  is  Still  preferved  5  that  the  three  domes  arc  in  no  man* 
neraffeded;  and  that  an  examination  of  the  pillar  which 
has  funk  mod,  proves  it  to  be  found.  The  blidenng  or  Scal¬ 
ing  °ff  of  the  compofition  which  Surrounds  the  piflars  was 
occafioned  therefore  only  by  the  finking  of  the  latter,  and 
the  finking  arofe  from  an  error  in  the  conftrudion.  But  can 
this  finking  make  any  progrefs  ?  The  attention  of  the  com¬ 
miffion  will  no  doubt  be  di reefed  to  this  objed;  and  the  in- 
itrument  invented  by  C.  Prony  is  calculated  to  afeertain  it. 

New  Galvanic  Experiments, 

It  appears  that  the  identity  of  galvanifm  and  eledricity  is 
perfedly  eftabliffied  by  recent  fads.  C.  Biot  has  found  that 
the  galvanic  fluid  in  the  different  kinds  of  apparatus  which 
produce  it,  follows  exadly  the  fame  progrefs  as  electricity 
would  under  the  like  circumfiances. 

Attradion  and  repulfion,  indeed,  being  the  fame  in  oal- 
van  1  fm  as  in  eledricity,  the  adion  which  the  moleculas 
exercife  upon  each  other  is  the  fame  in  the  two  fluids  ;  the 
property  which  points  poffefs  of  tranfmitting  eledricity,  and 
which  lur faces  have  to  retain  it,  ought  alfo  to  take  place  in 
g^ivamfmp  and,  as  the  lmall  plates  may  be  coiifldered  as 
more  analogous  to  points  than  the  large  ones,  they  ought  to 

.  a  .Thefc  elongations  are  eftimated  at  an  864th  for  free!,  and  a  9oorh  for 
iron:  the  dilatation  of  forged  and  hammered  iron  differs  very  little 
tr o  n  that  of  fteel.  J 

give 
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give  in  the  fame  inftant  a  lefs  mafs  of  fluid,  but  poflefling  a 
great  velocity,  while  the  large  plates  will  give  a  greater  mafs 
with  a  lefs  velocity.  Shocks  which  depend  on  the  velocity  of 
the  fluid  will  not  be  increafed  with  the  fize  of  the  plates;  while 
metallic  combuftions  which  depend  on  its  mafs  and  its  con¬ 
tinued  prefence,  ought  with  this  fize  to  be  doubly  augmented. 
This  is  a  Ample  explanation  of  the  experiments  of  C.  Hachette, 
Fourcroy,  Vauquelin,  and  Thenard. 

C.  Biot  has  confidered  galvanifm  alfo  in  regard  to  its  che¬ 
mical  nature;  and  finding  that  what  takes  place  in  water 
brought  into  communication  with  the  pile  has  been  fuffi- 
ciently  examined,  he  was  defirous  of  feeing  what  takes  place  in 
the  pile  itfelf,  and  what  its  adtion  is  on  the  furrounding  bodies. 

As  it  is  well  known  that  the  zinc  of  the  pile  foon  becomes 
oxidated  when  it  adts,  it  was  neceflary  to  difeover  whence 
the  oxygen  arofe.  For  this  purpofe  C.  Biot,  in  company 
with  C.  F.  Cuvier,  made  experiments,  which  proved  that  the 
atmofpheric  air  is  decompofed,  and  gives  up  its  oxygen  to  the 
pile;  that  this  oxygen  increafes  the  galvanic  eff'edls,  but  that 
it  is  not  abfolutely  neceflary  to  them ;  that  thefc  effects  take 
place  even  in  vacuo,  provided  the  pile  is  well  moiftened  with 
water;,  which  proves  that  the  water  is  decompofed. 

Guyton  found  that  the  abforption  of  the  oxygen  of  the  air 
by  the  pile  is  fo  complete,  that  it  may  be  employed  as  an 
eudiometric  mean  to  meafure  the  quantity  of  oxygen  con¬ 
tained  in  any  given  kind  of  air. 

Biot  next  employed -this  oxidation  of  the  pile  as  a  means 
of  confirming  his  theory  refpedting  the  progrefs  of  the  fluid. 
In  the  cafe  when  the  fluid  poflefles  a  greater  velocity  the 
oxidation  ought  to  be  accelerated  ;  fmall  plates  therefore  be¬ 
come  fooner  oxidated  than  large  ones;  a  pile  the  two  ends 
of  which  communicate  by  wires  is  alfo  oxidated  much 
iooner,  as  might  be  expedited,  than  that  where  there  is  no 
fuch  communication. 

The  fame  author  has  difeovered  that  the  galvanic  fluid  is 
tranfmitted  with  difficulty  through  water,  but  that  it  eafilv 
glides  over  its  furface  ;  an  effedt  produced  alfo,  according  to 
Prieflley’s  experiments,  by  weak  elcdtricity  poflefling  great 
velocity. 

C.  Ganthenet,  who  is  not  a  member  of  the  Inftitute,  has 
communicated  fome  interefting  experiments  on  the  fame 
lubjedt,  in  which  he  {hows,  in  particular,  that  it  is  poflible 
to  make  efledtive  galvanic  piles  without  any  metallic  fub- 
flance  whatever.  Thefe  experiments  ferve  to  confirm  thofe 
before  made  by  Pfaff  and, Humboldt  when  they  tried  galvanifm 
only  on  animals. 


While 
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While  thefe  refearches  were  making  in  France,  the  Englifh 
made  fome  of  a  peculiar  and  decifive  kind.  They  have  been 
able  to  imitate  the  moft  lingular  effedts  of  galvanifm  by  com¬ 
mon  electricity,  by  making  the  conductors  much  thinner  and 
longer. 

CHEMICAL  ARTS. 

New  Method  of  bleaching  Linen. 

This  method,  invented  by  Seguin,  confifts  in  employing 
one  part  of  fulphuric  acid  in  five  hundred  parts  of  water. 

New  Method  of  bleaching  the  Pulp  of  which  Paper  is  made. 

The  art  of  bleaching  raw  cloth  aimed  immediately,  by 
means  of  the  oxygenated  muriatic  acid,  is  the  invention  of 
JBerthollet.  Chaptal  made  a  happy  application  of  it  to  re~ 
ftore  the  whitenefs  of  books  and  prints  that  have  been  ftained; 
but  it  remained  to  employ  it  for  previoufly  bleaching  the 
pulp  of  which  paper  is  made.  This  was  attempted  by 
Loyfel  fome  years  ago,  in  order  to  render  it  difficult  to  imi¬ 
tate  aflignats,  on  account  of  the  perfection  of  their  manu¬ 
facture.  This  paper  money,  in  a  political  view,  may  be 
conlidered  feveral  ways;  but  as  an  objcCt  of  art,  it  is  certain 
that  it  has  occafioned  a  multitude  of  ingenious  inventions, 
which  will  long  remain  ufeful  after  affignats  {hall  have  been 
forgotten.  The  different  proceffes  are  now  gradually  made 
public,  fince  they  are  no  longer  fecrets  of  date.  The  public 
are  already  in  full  poffeffion  of  the  fiereotype  art;  and  that  of 
the  fabrication  of  paper,  no  lefs  interefting,  is  now  laid  open 
alfo.  It  is  attended  with  the  double  advantage  of  beauty  and 
ceconomy. 

By  means  of  this  method,  all  rags  may  produce  a  pulp 
exceedingly  white;  but  they  are  not  all  proper  for  making- 
paper  ffrong,  and  difficult  to  be  broken,  though  thin, — a  qua¬ 
lity  effential  to  bank  paper,  and  others  of  the  kune  kind,. 
New  white  or  raw  rags,  cordage,  and  other  articles,  the 
hemp  and  flax  of  which  have  not  been  much  worn,  ought  to 
be  chofen  for  this  purpofe.  Old  rags  do  well  enough  for 
thick  paper,  or  that  which  does  not  require  much  tenacity. 

When  the  rags  have  been  picked  and  cut  into  fmall  mor~ 
fels,  they  are  put  into  vats,  where  they  undergo  a  fermen- 
tation,  which  changes  the  nature  of  their  colouring  matter, 
by  rendering  it,  as  it  were,  faponaceous,  and  fufceptible  of 
being  carried  off  by  water  when  wafhed,  and  afterwards 
beat.  The  heat,  during  the  fermentation,  mult  not  be  fuf- 
fered  to  exceed  ioo°  or  11 2°  of  Fahrenheit’s  thermometer, 
which  generally  takes  place  in  fifteen  davs. 

Vol.  XI.'  '  *  S  The 
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The  moment  of  fubj  editing  the  rags  to  the  action  of  the 
acid  is  not  a'  matter  of  indifference.  If  they  are  bleached 
entire,  as  the  interior  of  each  thread  does  not  experience  any 
abtion,  this  would  afterwards  alter  the  whitenefs  of  the 
pafte;  and  if  the  workman  fhould  wait  till  they  were  abfo- 
lutely  reduced  to  pulp,  the  pulp  would  form  a  body  with 
which  it  would  be  difficult  to  mix  the  acid  intimately.  The 
matter  then  muff  be  taken  at  a  mean  ffate  between  that  of 
rags  and  that  of  pulp  completely  triturated.  For  this  pur* 
pole  the  rags  are  made  to  pafs  under  a  firff  cylinder  to  fepa* 
rate  the  fibres ;  they  are  then  fubjedted  to  bleaching,  and 
then  converted  into  pulp  by  means  of  another  cylinder. 

If  the  I’ao’s  are  raw,  two  baths  of  oxygenated  muriatic  acid 
or  bleaching  liquor,  and  one  of  fulphunc  acid,  are  employed. 
If  they  are  white,  one  bath  of  the  liquor  and  one  of  fulphu- 
ric  acid  will  be  lufficient. 

The  muriatic  acid  is  prepared  either  with  common  muriatic 
acid  and  oxide  of  manganefe,  or  by  means  of  fulphuric  acid 
with  oxide  of  manganefe  and  muriate  of  foda  (common  fait). 
The  laff  method  is  the  moft  economical ;  25  parts  of  oxide 
of  manganefe,  70  of  common  fait,  and  120  of  fulphuric  acid, 
of  3 1  degrees  of denfity  (by  the  areometer),  will  be  fufficient 
to  charge  a  receiver  of  270  gallons.  The  ffrength  of  this 
liquor  is  appreciated  by  means  of  a  folution  of  indigo,  which 
is  prepared  by  diffolving  one  part  in  weight  of  indigo  in  feven 
parts  of  fulphuric  acid  concentrated  to  66  degrees,  and  which 
is  then  diluted  in  992  parts  of  water,  according  to  the  me¬ 
thod  of  DefcroziUes.  When  one  meafure  (in  volume)  of 
the  bleaching  liquor  annihilates  the  colour  of  nine  of  this' 
folution  of  indigo,  the  bath  proper  for  bleaching  no  pounds 
avoirdupoife  of  rags,  after  being  fubjedted  to  the  firff  cylin¬ 
der,  is  compofed  of  24  gallons  of  fuch  bleaching  liquor  di¬ 
luted  in  120  gallons  of  pure  water. 

The  expenfe  of  thefe  different  operations  will  be  moderate, 
when  one  bath  of  bleaching  liquor  and  one  of  fulphuric  acid 
are  employed,  which  is  generally  the  cafe,  and  the  paper  is 
exceedingly  beautiful.  There  is  no  doubt  therefore  that  the 
price  of  paper  will  be  much  diminifhed,  when  the  method 
here  explained  is  employed  and  brought  into  general  prac¬ 
tice. 

On  tie  Fixity  which  Antimony  acquires  by  its  Alloy  with  Tin. 

When  attempts  were  made  to  reffore  to  commerce  that 
prodigious  quantity  of  metallic  matters  which  had  been  em¬ 
ployed  in  making  bells,  it  was  found  that  the  firff  operation 
ncccffary  was  to  feparate  the  copper  and  tin,  which  formed 
6  their 
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their  principal  conftituent  parts.  The  copper  was  eafily  ob¬ 
tained  by  calcining  a  part  of  the  bell  metal,  and' then  throw¬ 
ing  it  upon  another  part  of  the  fame  metal  in  a  ftate  of 
funon ;  but  the  fcoriae  produced,  during  this  reduction,  were 
loft.  •. 

More  intelligent  chemifts,  and  particularly  Anfry,  found 
means  to  reduce  the  fcorise,  and  to  reftore  to  commerce  a 
large  quantity  of  tin,  and  a  ftill  larger  of  copper.  The  tin, 
however,  obtained  in  the  laft  refult  has  peculiar  qualities  ; 
its  fra&ure  is  different  from  that  of  common  tin,  it  is  harder, 
and  more  eafily  broken. 

C.  Sage  has  found  means  to  imitate  this  tin,  extracted 
from  bell-metal,  by  mixing  with  tin  a  little  antimony ;  and  it 
refults  from  his  experiments,  that  the  latter  metal  alloyed 
with  tin,  in  the  proportion  of  a  fixth  part,  unites  with  it  in 
fo  intimate  a  manner  that  it  is  almoft  impollible  to  feparate 
it.  C.  Sage  has  no  doubt  then  that  the  tin  of  bell-metal 
contains  a  certain  quantity  of  it;  but  C.  Sage  has  ascer¬ 
tained,  by  feveral  experiments,  that  it  does  not  prevent  it 
from  being  employed  in  making  tin  plate,  and  even  for  tin¬ 
ning  veffels. 

MINERALOGY. 

On  the  prefumed  Effects  of  Galv anffm  in  the  Mineral 

Kingdom . 

C.  Guyton  has  given  a  defeription  of  a  kind  of  ore  of  an¬ 
timony  lately  difeovered  in  the  province  of  Gallicia,  lpeci- 
mens  of  which  had  been  tranfmitted  to  him  by  Don  Anto¬ 
nio  Angulo,  infpedtor  general  of  the  mines  of  Andalufia. 
He  foon  found,  by  analyfis,  that  the  metal  in  this  ore  is  in 
the  ftate  of  oxide;  but  the  ftrudture  of  the  mineral,  its  in¬ 
terior  texture,  its  well  characterized  ftriae,  plainly  announced 
that  it  was  the  pafiage  from  fulphuret  to  oxide,  without  an 
alteration  of  form,  ft  was  therefore  of  importance  to  difeo- 
ver  how  this  change  could  have  been  effected. 

C.  Guyton  tried  all  the  fimple  or  compound  fubftances 
which  might  be  prefumed  to  exift  in  the  bowels  of  the  earth, 
in  order  to  imitate,,  in  the  laboratory,  this  labour  of  nature. 
The  fulphuret  of  antimony,  both  natural  and  artificial,  re¬ 
ft  fted  all  his  numerous  attempts.  ITe  fuppofed,  very  juftly, 
that  the  decompofition  of  water  ought  to  aCf  a  principal  part 
in  this  operation,  and  even  that  it  prefented  the  only  means 
of  accounting  for  this  alteration,  ft  nee  it  ought  at  the  fame 
time  to  furnilh  oxygen,  and  to  take  away  the  lulphur  by 
means  of  the  hydrogen  ;  but  it  was  neccffary  to  difcover 
what  could  have  determined  this  decompofition.  C.  Guyton 
conliders  it  as  the  flow  and  progrefftve  refult  of  affinities  put 
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into  aCtion  by  the  galvanic  fluid.  A  companion  of  what 
takes  place  in  experiments  where  metals  are  fpontaneoufly 
oxidated,  by  the  interpofition  of  water,  appears  to  him  to 
give  great  probability  to  this  explanation,  which  he  ftreng th¬ 
en's  by  feveral  examples  of  fimilar  transformations,  particu¬ 
larly  that  of  the  pyrites  of  Ecrczof,  which  pafl’es  to  the  flate 
of  oxide,  retaining,  in  three  directions,  the  ft  rite  of  the  pri¬ 
mitive  fulphuret.  He  quotes  aha  numerous  obfervations,  by 
which  C.  Hauy  has-  proved  the  influence  of  fubterranean 
electricity  on  minerals*  He  entertains  no  doubt  that  this- 
new  idea  will  extend  the  field  of  mineralogy,  by  expofmg  to. 
us  nature  in  continual  labour,  aCtino-  at  the  fame  time  on 
unifies  and  on  intimate  mokculae,  by  ipontaneous  attractions, 
and  independent  of  all  percufiion ;  fo  that  this  fubtle  fluid, 
according  to  Guyton,  will  aflume  the  firft  rank  among  thole 
fubftances  which  have  been  dignified  with  the  pompous  name 
of  mineralizers. 

Analyfis  of  a  phofiphated  Lead  Ore . 

This  ore,  of  a  yellowifh  green  colour,  generally  in  fmalf 
brilliant  grains,  and  in  a  quartzy  arenaceous  reddifh  matrix, 
is  found  in  pretty  thick  continued  beds  at  Breitemberg,  near 
Erlembach,  in  the  department  of  the  Lower  Rhine.  C. 
Sage  has  found,  by  an  analyfis,  that  it  contains,  in  100  parts, 
37  of  lead,  33  of  quartz,  and  30  of  phofphoric  acid.  The 
lead  contains  no  filver. 

Emeralds  found  in  France. 

This  difcovery  was  made  by  Lelievre.  Travelling  near 
Limoges,  he  obferved,  in  the  fiones  employed  for  repairing 
the  roads,  a  hard  greenifh  fubfiance,  which  he  judged  to  be 
a  beryl  or  an  emerald.  His  conjecture  was  confirmed  bv 
the  chemical  analyfis  which  Vauquelin  made  of  fpecimens 
fent  by  him  to  that  chemift,  and  by  Haiiv’s  examination  of 
their  mechanical  ftruCture.  Thefe  emeralds  will  not  be  of 
much  ufe  as  ornaments ;  but  they  may  be  employed  by  che- 
mifts  to  extraCt  from  them  that  kind  of  earth  called  glucine , 
which  Vauquelin  difeovered  in  the  emerald  and  the  beryl,  and 
which  thefe  emeralds  of  Limoges  readily  furnifh,  as  C.  Le¬ 
lievre  found  feveral  pounds  of  them,  and  was  even  able,  by 
combining  the  fragments,  to  recompofe  aprifm  of  more  than 
four  inches  in  diameter,  and  nearly  the  fame  in  height. 

METEOROLOGY. 

On  tbs  Action  which  the  Lunar  Period  of  Nineteen  Years- 
exercifes  on  the  Variations  of  the  Atmofphere . 

As  a  decided  influence  on  the  variations  of  the  atmofphere 

has- 
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has  always  been  afcribed  to  the  moon,  feveral  methods  have 
been  tried  to  determine  the  nature  of  this  influence.  Some 
have  thought  that  it  was  exercifed  by  means  of  the  phafes; 
others  have  fuppofed  that  it  depended  on  the  refpetlive  po- 
fltion  of  the  moon  and  the  fun;  and  as  this  petition  recurs 
nearly  the  fame  at  the  end  of  nineteen  years,  the  latter  have 
-concluded  that  meteors  muft  alfo  return  almoft:  the  fame  in 
the  courfe  of  that  time.  Q.  Lamarck,  who  has  fuppofed 
another  influence  of  the  moon  in  regard  to  its  declination, 
and  Who  ha-s  endeavoured  to  eftabliih  his  difeovery  by  feveral 
memoirs,  has  alfo  endeavoured  to  afeertain  what  truth  there 
may  be  in  this  periodical  return  of  the  variations  of  the  at- 
mofphere  at  the  end  of  nineteen  years;  and  he  has  found,  by 
comparing  meteorological  obfervations,  that  this  return  is  far 
from  being  fo  correct  as  is  generally  believed.  Affronomers 
alfo  know  well,  that  the  cycle  of  nineteen  years  is  not  exadt 
within  an  hour  and  a  half;  an  error  which  amounts  to  & 
whole  day  in  the  courfe  of  308  years. 

ZOOLOGY. 

On  the  Difference  which  ex'ijls  between  the  Crocodiles  of  the 

old-  and  the  new  Continent . 

A  precife  determination  of  the  large  fpecies  of  animals  is 
more  important  than  might  be  imagined,  as  we  have  in- 
llances  that,  for  want  of  fuch  determinations,  travellers  have 
placed  in  America  feveral  animals  of  the  old  continent  which 
never  exifted  there,  fuch  as  the  lion,  tiger,  panther,  and 
fome  others.  Thefe  they  confounded  with  other  animals  of 
a  different  kind,  though  nearly  related  to  them.  The  fame 
error  has  occurred  in  regard  to  crocodiles,  even  on  the  part 
of  naturalifts..  In  order  to  redlify  fuch  mi  flakes,  C.  Cuvier 
has  fliown,  that  moft  authors  have  been  entirely  unac¬ 
quainted  with  the  difference  which  exifls  between  the  croco¬ 
diles  of  the  old  and  the  new  world,  or  have  badly  under- 
flood  them,  and  explained  them  flill  worfe. 

He  has  proved,  by  an  accurate  defeription,  that  thefe  ani¬ 
mals  form  two  fpecies,  the  diflinguifliing  characters  of  which 
are  as  follow  :  • 

]  ft.  The  crocodile  has  an  oblong  muzzle,  the  upper  jaw  of 
which  has  indentations  on  each  fide  to  afford  a  paflfage  to  the 
fourth  tooth  in  the  lower;  its  hind  feet  are  entirely  webbed. 

2d.  The  caiman  has  an  obtufe  muzzle;  its  upper  jaw 
receives  the  fourth  tooth  of  the  lower  in  a  particular  cavity 
which  conceals  it ;  the  hind  feet  are  only  half  webbed. 

The  firft  of  thefe  fpecies  belongs  to  the  old  world,  the 
-fecond  to  the  new.  The  name  of  the  latter  originates  from 
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India,  where  it  denotes  the  common  crocodile,  and  from 
which  it  muft  have  been  introduced  into  America  by  the 
Spaniards  or  the  Dutch. 

The  author  has  not  comprehended  in  his  refearches  the 
long  beaked  crocodile ,  or  the  gavial ,  which  forms,  by  gene¬ 
ral  acknowledgment,  a  peculiar  fpecies. 

On  two  new  Kinds  of  oviparous  Quadrupeds. 

Thefe  two  fpecies,  defcribed  by  Lacepede,  are  interefting 
not  only  on  account  of  their  novelty;  they  are  interefting  alio 
as  they  exhibit  a  number  of  toes  not  before  obferved  but  in 
the  clafs  of  reptiles. 

The  firft,  which  Lacepede  calls  monodadylos ,  has  indeed 
only  one  toe  on  each  foot.  Thefe  feet  are  To  fhort,  and  the 
body  and  tail  fo  long,  that  the  animal  has  a  great  refem*» 
blance  to  a  fnake;  it  is  covered  with  fcales  difpofed  in 
tranfverfal  bands. 

The  other  fpecies,  called  tetradadylos,  has  feet  as  diort, 
and  a  body  as  long,  as  the  preceding ;  but  each  foot  is  fur- 
niftied  with,  four  toes,  and  the  body  is  marked  on  each  fide 
with  a  longitudinal  furrow. 

Thefe  two  fpecies  will  form  hereafter  two  new  genera  in 
Lacepede’s  genera  of  lizards. 

On  a  new  Kind  of  Infeds  called  Atradoceros . 

This  i nfe ft  was  brought  from  the  kingdom  Owara,  in 
Africa,  by  Palifot-Beauvois.  The  name  given  to  it  by  that 
traveller  lignifies  the  J'pindle-horn ,  and  indeed  fuch  is  the 
form  of  its  antennae.  It  is  diftinguifhed  from  other  coleop- 
tera  bv  its  wings  being  much  longer  than  the  cover,  and  not 
folding  under  them,  and  by  having  five  articulations  in  all 
the  tarfi.  This  laft:  charafter  brings  it  near  to  the  Jlaphilini , 
while  the  preceding  gives  it  an  analogy  to  the  necy dales,  : 
The  form  of  its  antennula?  is  very  lingular,  C,  Beauvois 
thinks  that  this  infeft  lives  in  the  woods. 

ANIMAL  PHYSIOLOGY. 

On  the  Quantity  of  Air  neceffary  ,for  the  Rifpir.ation  of  a  cer¬ 
tain  Number  oj  Individuals  in  a  Space  where  it  is  not 

renewed. 

Experiments  made  with  machines  proper  for  naviratino- 
under  water,  made  laft:  ypar  at  Havre,  and  lately  by  the 
Englifli  engineer  Folkeftone,  made  Guyton  conceive  the  idea 
of  comparing,  on  that  fubjeft,  the  confequences  of  the  che¬ 
mical  theory  of  refpiration,  the  refults  of  obfervations  made 
under  the  diving-bell,  and  the  attempts  made  for  the  fame 
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pttrpofe  by  Drebel!  and  Halley.  After  having  calculated, 
hour  by  hour,  the  conlumption  of  the  refpirable  part  of  the 
air,  and  the  formation  of  carbonic  acid  gas,  he  indicates  the 
chemical  means  for  ameliorating  what  remains  of  the  former, 
and  of  abforbing  the  latter;  and,  in  the  lad  place,  of  pre¬ 
venting  the  danger  arifing  from  accumulated  animal  emana¬ 
tions,  by  the  momentaneous  opening  a  bottle  of  oxygenated 
muriatic  acid,  which  appears  to  him  very  proper  to  be  fub- 
ftituted  in  the  place  of  the  liquor  mentioned  by  Boyle  as 
having  ferved  to  cool  the  air  in  a  veffei  rowed  under  water. 

PHILOSOPHY  OF  VEGETABLES. 

On  the  Influence  which  the  Air  and  other  aeriform  Fluids 

have  on  Germination. 

This  new  labour  of  Sennebier  is  a  fupplement  to  his  large 
work  on  the  phyfiology  of  vegetables.  The  experiments  were 
made  by  placing  the  feeds  on  moift  flannel,  under  bells  filled 
with  different  kinds  of  gas,  the  influence  of  which  it  was  in¬ 
tended  to  try.  All  theie  feeds  refufed  to  germinate  in  azote, 
in  carbonic  acid,  and  in  pure  hydrogen  gas.  The  prefence 
of  oxygen  was  in  general  neceflary,  and  its  employment  is 
in  part  to  abforb  the  carbon  of  the  feeds,  to  form  of  it  car¬ 
bonic  acid.  What  is  Angular  is,  that  pure  oxygen  is  not  the 
gas  mod  favourable  to  germination;  it  accelerates  germina¬ 
tion,  but  it  weakens  it.  The  adtion  of  oxygen  muff  be  me¬ 
liorated  by  the  prefence  of  a  fubffance  inactive  by  itfelf;  and 
we  here  find  that  wonderful  fact  prefented  to  us  by  fo  many 
other  circum {lances  of  the  organic  economy,  viz.  that  the 
mixture  molt  favourable  to  germination  is  that  of  which  the 
atmofphere  is  formed,  that  is,  about  three-fourths  of  azote 
to  a  fourth  of  oxygen  ;  and  germination  does  not  take  place 
at  all  if  there  is  not  an  eighth  of  oxygen  at  leaff  in  the  at¬ 
mofphere. 

But  the  manner  in  which  oxygen  is  introduced  into  this 
atmofphere  is  not  a  matter  of  indifference;  it  muff  be  poured 
into  it  fuddenly.  Were  it  made  to  enter  only  little  by  little, 
the  firff  portions  would  fcarcely  be  fuflicicnt  to  abforb  the 
carbon  of  the  feeds,  and  no  more  would  remain  to  vivify 
them. 

Seeds  may  be  made  to  germinate  alfo,  by  mixing  oxygen 
with  carbonic  acid,  or  with  hydrogen.  In  the  latter  cafe, 
the  carbon  which  iffues  from  the  feeds  unites  itfelf  inti¬ 
mately  with  the  hydrogen.  Too  much  carbonic  acid  in  air 
does  more  hurt  to  feeds  than  too  much  azote,  and  too  much 
azote  more  than  too  much  hydrogen.  Various  vapours  may 
alfo  alter  the  air,  fo  as  to  annihilate  germination  :  of  this 
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kind  are  thofe  of  fnlphuric  ether,  of  camphor,  of  oil  of  tur¬ 
pentine,  of  vinegar,  of  ammonia,  &c. 

This  neceffity  of  oxygen  in  nature  is  liable,  however,  to 
fome  exceptions.  Some  feeds  have  fuch  force,  that  they 
decompofe  the  water  to  feparate  from  it  oxvgen,  if  they  can¬ 
not  difpenfe  with  it  entirely  :  of  this  kind  are  peas,  which 
germinate  in  water  deprived  of  air,  in  every  fort  of  gas,  and 
even  in  oil,  provided  they  have  been  before  bleeped  in  water* 

AGRICULTURE. 

Progrefs  of  the  Amelioration  of  Wool. 

Teffier  and  Hazard  gave  an  account  to  the  clafs  of  the 
fale  of  the  wool  and  llieep  of  the  flock  of  Rambouillet  in  the 
year  9,  as  well  as  of  the  progrefs  of  the  amelioration  of  wool 
in  France  during  that  period.  The  moft  intereliing  experi¬ 
ment  mentioned  by  them  was,  that  of  leaving  the  wool  on 
fome  flieep  for  two  years  :  by  thebe  means  it  acquired  double 
length,  gave  a  double  weight,  without  any  inconvenience  to 
the  animals,  and  was  rendered  exceedingly  proper  for  the 
manufacture  of  woollen  fluffs,  fo  that  it  was  employed  in 
making  kerfeymeers,  which  were  prefented  to  the  clafs,  and 
which  are  equal  to  the  beft  Englifh  fluff’s  of  that  kind. 
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C.  Svlveftre  read  a  note  on  the  long  wool  of  the  flieep  of 
Rambouillet.  It  was  long  believed  that  flieep  lofe  their  wool 
every  year;  and  this  aff'ertion,  void  of  foundation,  has  been 
advanced  in  works  of  great  refpeblability.  The  members  of 
the  Council  of  Agriculture,  charged  with  the  infpedtion  of 
the  national  flieep  eftahlifliment  at  Rambouillet,  were  dc- 
flrous  of  verifying  this  faff  ;  and  for  that  purpofe  fuffered  the 


flieep  to  remain  two  or  three  years  without  being  {horn.  By 
thefe  means  they  obtained  very  long  wool  of  uniform  fineb 
nefs,  and  which  was  equal  in  weight  to  what  would  have 
been  produced  by  two  or  three  {hearings. 

C.  Vauquelin  communicated  a  note  on  the  nature  of  the 
earth  eaten  by  the  inhabitants  of  New  Caledonia.  Humboldt. 

•>  J 

in  one  of  his  letters  to  C.  Fourcroy,  fpeaks  of  an  earth  eaten 
by  the  Otomaquas  when  they  experience  a  fcarcity  of  pro- 
vifions*.  C.  Labillardiere  has  confirmed,  by  an  obfervation 
made  in  a  part  of  the  world  very  diftant  from  that  inhabited 
by  the  Otomaquas,  a  faeff  equally  Angular — where  the  inha¬ 
bitants  of  New  Caledonia,  when  urged  by  hunger,  ate  large 
quantities  of  a  greenifli  fleatites,  tender  and  friable.  It  may 
now  be  readily  conceived  how  the  horrid  cuftom  of  eatinor 
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prifoners  of  war  might  be  introduced  among  a  favage  people 
reduced  to  fuch  a  date  of  famine  as  to  be  obliged  to  fufnend 
their  hunger  bv  diftendincr  their  rtomachs  and  intefhnes  with 
an  earthy  fubftance  which  has  no  other  alimentary  quality 
than  that  of  being  friable. 

Vauqtielin,  being  delirous  of  afcertaining  the  nature  of  this 
earth,  and  whether  it  contained  any  thing  nutritive,  ana- 
lyfed,  by  the  known  means,  fpecimens  of  it  tranfmitted  to 
him  by  C.  Labillardiere. 

This  earth  is  foft  to  the  touch,  and  confifts  of  fmall  fibres 
eafv  to  be  divided :  it  becomes  red  in  the  fire,  and  lofes 
of  its  weight.  It  contains  37  parts  of  pure  magnefia, 
36  of  filex,  17  of  oxide,  3  or  4  of  water,  and  1  or  3  of  lime 
and  copper. 

It  contains  therefore  no  nutritive  part,  and  can  be  confi- 
dered  only  as  a  burthen — as  a  mechanical  mean  for  fuf- 
pending  the  pain  oceafioned  by  hunger. 

The  fame  chemift  read  a  notice  on  blue  oxide  of  iron. 
This  fubftance,  fent  to  the  Council  of  Mines  by  baron  De 
Molt,  is  of  a  bright  blue  colour:  it  prefents  itfelf  under  the 
form  of  fmall  iniulated  mafies  in  the  cavities  or  fiftures  of 
quartz  and  hard  greenifh  fteatites.  It  is  friable,  but  a  little 
unctuous  to  the  touch.  It  lofes  its  colour  by  the  flame  of 
the  blow-pipe,  and  then  fpfes  into  a  greenifh  white  glafs. 

It  lofes  its  colour  neither  by  acids  nor  by  weak  alkalies; 
a  circumftance  which  diftinguifhes  it  from  lapis  lazuli  and 
pruffiate  of  iron.  It  communicates  to  the  muriatic  acid  in 
which  it  has  been  put  to  digefl,  a  faffron  yellow  colour,  and 
lofes  a  little  of  its  own  colour ;  but  it  cannot  be  entirely  de¬ 
prived  of  its  colour  without  diflolving  it  at  the  fame  time : 
nothing  then  remains  but  the  fame  quantity  of  filex,  which 
feems  to  ferve  it  as  matrix. 

In  examining  the  muriatic  acid  which  ferved  for  this  ope¬ 
ration,  it  is  feen  that  it  has  difiblved  alumine,  lime,  and  oxide 
of  iron;  but  neither  manganefe,  fulphurated  hydrogen,  nor 
phofphoric  acid,  fubftances  to  which  fome  might  be  inclined 
to  aferibe  the  blue  colour  of  this  oxide  of  iron,  are  to  be  dif- 
covered  in  it.  The  caufe  of  the  very  remarkable  colour  of 
this  oxide,  a  colour  which  it  has  hitherto  been  impoffible  to 
communicate  to  iron  by  any  chemical  means,  ft  ill  remains, 
therefore,  to  be  determined.  It  appears,  however,  that  the 
iron  in  this  oxide  is  carried  to  a  decree  of  oxygenation  near 
to  a  maximum. 

Vauquelin  read  alfo  a  note  on  the  faline  fubftance  called 
muriciate  of  Salzbourg .  This  matter,  to  which  Haiiy  has 
given  the  name  of  gypfferous  muriate  of  foda ,  was  alfo  fent 
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to  the  Council  of  Mines  by  baron  De  Molt.  Vauqtfelin 
found  in  it,  as  Klaproth  had  done,  an  union  of  Ail ph ate  of 
lime  with  muriate  of  foda;  which  gives  to  the  former  the 
property  of  cryftallizing  in  the  cubical  form  :  but  he  re¬ 
marked  likevvife,  that  ioo  grains  of  this  fubftance,  broken 
into  fmali  fragments,  and  expofed  to  the  rnoft  violent  heat 
for  half  an  hour,  loft  none  of  their  weight:  they  only  be¬ 
came  fomewhat  opake. 

It  is  very  Angular  to  fee  a  cryftallized  fait  entirely  deprived 
of  its  water  of  cryftallization,  though  compofed  of  two  other 
falts  which  generally  contain  a  pretty  large  quantity  of  it. 

C.  Gillet  read  a  note  on  the  emeralds  lately  difcovered  in 
France  by  C.  Lelievre.  Of  the  fubftances  thought  to  be 
foreign  to  the  foil  of  France,  the  emerald  is  not  the  only  one 
which  has  been  difcovered  within  a  few  years  in  that  coun¬ 
try.  C.  Gillet  mentioned  the  following  mineral  fubftances 
found  there  a  little  before  the  revolution  :  arragonite,  ana- 
tafe,  koupholite,  ftilbite,  dypire,  minilite  flex,  phofphated 
lead,  native  antimony,  carburated  iron  (plumbago). 

Since  that  period,  notwithstanding  the  fmali  number  of 
mineralogical  tours  undertaken,  the  following  have  been  dif¬ 
covered  :  dolomie,  porphyroidal  rock  with  a  calcareous  bafe, 
fulphated  ftrontian,  aventurine  quartz,  anthracite,  ferrugi¬ 
nous  fcheelin  (wolfram),  oxidated  titanium,  oxidated  anti¬ 
mony,  chromated  iron,  oxidated  uranium,  arfeniated  lead,  be, 

MEDICAL  SOCIETY  OF  BOUEDEAUX. 

This  Society  has  offered  a  prize  of  300  francs  for  the  beft 
account  of  the  doctrine  of  Hippocrates,  or  of  the  Hippocratic 
febool  of  medicine. 

The  anfwers  to  this  queftion  will  be  received  till  the  30th 
of  July  1802. 

COLLEGE  OF  PHARMACY  AT  PARIS. 

On  the  10th  of  November  the  College  held  a  public  fitting 
for  the  diftribution  of  prizes,  the  minifter  for  the  interior 
being  prefident. 

Bouillon-Lagrange,  profefibr  of  chemiftry,  after  proclaim¬ 
ing  the  names  of  thole  who  had  obtained  prizes,  gave  an 
account  of  the  labours. of  the  Free  Society  of  Pharmacy  at 
Paris,  and  announced  the  prize  queftion  founded  by  the 
project  of  the  department  of  the  Seine,  which  is  to  be  de¬ 
termined  in  the  beoinnino;  of  the  year  12.  It  is  as  follows  : 

To  determine,  by  ex  ait  experiments,  what  happens  to 
thole  falts  rnoft  frequently  employed,  and  particularly  the 
fulphates  of  foda  and  magnefia,  the  tartrites  of  potafh  and 
ioda,  hyper-oxygenated  muriate  of  mercury,  and  tartrites  of 

potafh 
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potafli  and  antimony,  when  mixed  with  the  nfual  beverages, 
iuch  as  ptifans,  apozems,  decoftions,  foups,  whey,  the 
juice  of  herbs,  and  potions. 

The  following  memoirs  were  then  read  : — Obfervations  on 
the  internal  temperature  of  vegetables  compared  with  that  of 
the  atmofphere,  by  C.  Solome  5  a  memoir  on  medical  wines, 
by  Parmentier ;  a  memoir  on  phofphoric  ether,  by  Boudet ; 
obfervations  on  the  formation  of  a  new  French  pharmaco¬ 
poeia,  by  Champferu  ;  obfervations  on  the  juice  and  fyrup  of 
goofeberries,  by  Bourriat ;  a  difcourfe  on  the  utility  of  phar¬ 
macy,  by  Delunel ;  an  obfervation  on  the  exiftence  of  phof- 
phorus  in  fugar,  by  Boullay. 

SOCIETY  OF,  AGRICULTURE  OF  THE  DEPARTMENT 

OF  THE  SEINE. 

This  Society  has  offered  a  prize  of  500  francs  for  the  beff 
anfwer  to  the  following  queftion  : 

iff,  How  does  manure  aft  in  general?  sd,  What  are  the 
different  kinds  of  manure  fuited  to  the  different  kinds  of  foil, 
and  the  different  nature  of  roots  and  plants?  3d,  What  are 
their  relative  qualities  in  thefe  different  cafes  ?  4th,  What 
are  the  different  ways  of  preparing  thefe  kinds  of  manure? 
5th,  What  are  the  beft  methods  of  applying  them  ? 

The  anfwers  to  thefe  que (lions  muff  be  fupported  by  fafts. 
The  prize  will  be  decreed  in  the  month  of  September  1802. 
The  memoirs  muff  be  addreffed,  poft  paid,  to  the  fecretary 
of  the  fociety  before  the  20th  of  July  the  fame  year. 

The  Society  propofe  to  open  a  fubfcription  for  the  purpofe 
of  procuring  from  Spain  4000  of  the  fme-woolied  Spaniffi 
ffieep,  which,  according  to  the  treaty  of  Bale,  ff ill  remain 
at  the  difpofal  of  the  French  government. 

THE  ROYAL  ACADEMY  OF  MEDICAL  PRACTICE  AT 

BARCELONA. 

A  prize  of  373  rials  has  been  offered  by  this  Academy  for 
the  beft  effay  on  the  advantages  of  the  cow-pock  inoculation  ; 
with  this  exprefs  condition,  that  the  fafts  adduced  muff  be 
fupported  by  aftual  obfervations  made  by  the  author. 

The  prize  will  not  be  adjudged  till  the  expiration  of  four  years. 


dyLVU.  Intelligence  and  JMi [cell an  eons  Articles. 

December  1801, 
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N  this  fubjeft  we  have  witnefled  fome  extremely  curious 
4nd  intereffing  refults  fmee  our  laff  Number.  Our  prefeut 

notice 
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notice  of  them,  however,  {hall  be  brief,  as  the  projected  ex¬ 
periments  have  not  all  been  gone  through  with  thofe  varia¬ 
tions  of  cireumitances  which  are  intended  to  accompany 
them.  Suffice  it  therefore  to  hate  at  this  time, 

That,  in  concert  with  feveral  gentlemen,  zealous  promoters 
of  faience,  and  whofe  names  ffiall  be  hated  hereafter,  a  pile 
was  conitrudbed  eon  Ming  of  thirty-fix  pairs  of  plates  of  fllver 
and  zinc,  with  difcs  of  flannel  moihened  with  a  folution  of 
muriate  of  ammonia  interpofed  between  the  pairs  ;  that  each 
plate  was  ten  inches  in  diameter,  or  contained  78*54  fquare 
inches;  and  that,  oonfequently,  the  whole  fur-face  of  fiber 
in  the  pile,  reckoning  only  one  fide  of  each  plate,  was  2827*44 
lip  are  inches,  and  that  of  zinc  the  fame. 

With  this  pile,  at  a  meeting  of  a  committee  on  the  39th 
in  ft.  (December),  gold,  filver,  copper,  tin,  lead,  and  zinc, 
were  deflagrated  with  allonifhing  facility. 

Gold  burnt  with  a  very  vivid  white  light,  inclining  a  little 
to  blue.  This  experiment  afforded  an  opportunity  of  deciding 
a  point  left  undetermined  in  one  recorded  in  our  I  aft  Number, 
by  which  gold  was  deflagrated  without  any  refiduura  being 
perceived.  On  the  prefen t  occafion,  there  was  left  on  the 
upper  plate  a  copious  oxide  of  a  deep  brown  colour,  inclining 
a  little  to  purple.  In  the  former  experiment,  the  end-plate 
of  the  trough  to  which  the  gold  was  applied  was  vertical  :  the 
oxide  could  be  but  little  in  quantity,  and,  being  nearly  of  the 
colour  of  the  mahogany  on  which  it  fell,  accounts  fumciently 
for  its  not  having  been  perceived. 

Silver  gave  a  vivid  green-coloured  flame,  extremely  bril¬ 
liant.  The  colour  was  lomewhat  like  that  of  a  pale  emerald, 
and  the  light  more  intenfe  than  that  from  the  gold.  Gave 
an  oxide  inclining  to  black. 

Copper  prefented  phenomena  nmilar  to  thofe  obferved  in 
deflagrating  gold. 

Lead  gave  a  light  of  a  dilute  blueifh  purple,  very  vivid. 

Ti«,  a  light  fimilar  to  that  of  the  gold  ;  but  it  burnt  with 
lefs  energy, — perhaps  owing  to  the  leaves  being  thicker. 

Zinc  gave  a  blueifh  white  flame,  fringed  at  the  moment 
of  contact  with  red.  It  was  more  difficult  to  be  deflagrated 
than  any  of  the  former,  hut  the  plates  at  the  fame  time  were 
much  thicker. 

The  oxides  of  thefe  laft  four  metals  were  not  examined. 

Some  water  having  been  poured  upon  the  upper  plate,  fo 
as  to  form  a  kind  of  little  handing  pool,  feveral  of  the  metals 
were  prefented  to  the  plate  through  this  water,  and  were  de¬ 
flagrated,  giving  the  fame  coloured  flame  as  when  prefented 
to  the  bare  plate.  A  vapour  was  fometimes  perceivable  in- 
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ft  anti  y  after  the  deflagration,  fuppofed  to  be  a  portion  of  the 
water  converted  into  fleam  by  the  intenfe  heat. 

One  circumftance  is  extremely  worthy  of  remark.  The 
{hocks  from  this  pile,  though  in  a  ft  ate  to  produce  fuck 
powerful  effects  on  the  metals,  could  be  taken  with  very 
littl  e  inconvenience. 

Dr.  Van  Mauurn  and  profelTor  PfafF,  of  Keil,  have  lately 
been  engaged  in  a  feries  of  experiments  with  the  Voltaic  pile, 
by  means  of  which  they  are  ftatcd  to  have  charged  an  elec¬ 
trical  battery  of  140  fquare  feet  of  furface  by  mere  contact 
with  the  pile.  The  account  that  has  reached  us  does  not 
ftate  whether  the  battery  received  as  full  a  charge  as  could 
have  been  communicated  bv  an  electrical  machine,  or  only 
fuch  a  one  as  to  become  fenfible  to  an  electrometer.  If  the 
latter,  the  quantity  of  furface  named  tends  to  millead,  for  a 
fingle  jar  might  have  given  the  fame  indication;  but  if  140. 
fquare  feet  received  a  full  charge,  the  experiment  will  prove  a 
molt  interefting  one.  The  fame  account  i fates,  that,  C£  bv  the 
electricity  of  this  apparatus,  (namely,  the  Voltaic  pile,)  they 
fufed  j  2  inches  of  iron  wire  :  even  plaiina  wire  was  fufed  by 
it.”  If  we  underhand  the  language  here  ufed,  it  means  that, 
the  wire  was  fufed,  not  through  the  medium  of  an  electrical 
battery  charged  by  means  of  the  pile,  though  the  introduction 
of  the  word  electricity  mav  feem,  at  firft  view,  to  convey  that 
idea,  but  by  being  brought  directly  into  the  Voltaic  circuit. 
If  we  are  right  in  this  opinion,  it  was,  properly  fpeaking,  a 
deflagration  and  not  a  mere  fufiQ, n  of  the  wire  that  took  place  ; 
z.  e.  the  metal  was  wholly,  or  in  a  great  meafure,  oxided,  in- 
ftead  of  being  altered  in  form  only,  as  is  the  cafe  in  Ample 
fufion  :  if  fo,  it  was  an  experiment  of  the  fame  nature  as  thofe 
related  above,  in  which  feverai  fquare  inches  of  gold  and  filver 
leaf,  &c.  were  deflagrated.  The  detail  of  Dr.  Van  Marum  and 
profeflor  Pfaff’s  experiments,  which  thefe  gentlemen  have 
promifed  to  publifh  in  a  fhort  time,  will,  however,  foon  clear 
up  the  ambiguities  of  the  fhort  account  that  has  reached  us. 

FULMINATING  MERCURY. 

The  effects  of  an  accidental  explofion  of  a  quantity  of  the 
fulminating  mercury  of  Mr.  Howard,  which  was  experi¬ 
enced  at  Dr.  Pearfon’s  laboratory,  while  at  ledture,  a  few 
days  ago,  feem  to  be  fufficiently  remarkable  to  be  worthy 
of  being  recorded,  and  may  poffiblv  throw  tome  light  on  the 
agency  of  this  powder,  and  indicate  fome  ufeful  applications 
in  pradtiee. 

The  powder  juft  collected  from  the  filtering  paper,  on 
which  it  lodged  after  the  liquid  from  which  it  was  precipi- 
S  '  tateeb 
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tated  had  paffed  through,  was  put  on  paper,  and,  for  expe¬ 
dition,  laid  in  four  loofe  parcels,  (each  of  which,  when  dry, 
would  have  weighed  about  thirty  grains,)  on  a  tile  one  inch 
and  a  half  thick  and  eight  inches  fquare,  which  had  been 
previouOy  heated  to  a  degree  a  little  above  what  could  be 
borne  by  the  hand.  The  tile  was  placed  on  a  table,  and  left 
without  further  notice,  to  allow  the  powder  to  become  dry. 

At  the  end  of  about  half  an  hour  the  whole  of  it  exploded, 
making  a  report  equal  at  lead  to  thstf  of  the  difeharge  of  a  32 
pounder,  as  declared  by  a  naval  furgeon  then  prefent.  The  tile 
was  fbivered  into  a  number  of  pieces,  and  broken  quite  through 
the  middle;  two  pahes  of  a  window,  at  the  diftance  of  about 
eight  inches  from  the  tile,  were  alfo  fbivered ;  one  of  which 
was  oppofrte,  and  the  other  immediately  above  it;  but  none 
of  the  adjoining  fquares  of  glafs  were  broken.  On  another 
fide,  at  the  diitance  of  about  two  feet  from  the  tile,  hood  a 
frame  containing  bottles  of  fpecimens  of  chemical  prepara¬ 
tions,  not  one  of  which  was  broken  ;.  nor  did  any  of  the  pupils 
buffer,  who  were  fitting  on  a  form  only  three  feet  from  the 
powder  which  exploded. — The  whole  of  the  room  was  filled 
with  thick  white  fumes;  and  the  windows  were  covered  with 
-quickfilver,  depofited  from  the  exploded  powder. 

1.  The  above  accident  {hows  that  the  mercurial  prepara¬ 
tion  cannot  be  employed  for  throwing  projectiles  like  gun¬ 
powder,  the  mode  of  agency  of  the  explofion  being  on  quite 
different  principles,  as  is  evident  from  what  is  above  related ; 
particularly  in  the  fracturing  of  the  thick  tile,  and  the  "very 
little  diitance  to  which  the  concuffion  of  the  air  was  propa¬ 
gated. 

2.  It  appears  that  the  fulminating  mercury  is  calculated 
for  fhivering  rocks  or  large  (tones  by  its  explofion. 

3.  From  the  comparatively  low  temperature  at  which  the 
powder  exploded,  it  may  be  employed  for  certain  deltruc- 
tive  purpofes  in  time  of  war,  by  being  confined  in  veffels  that 
are  liable  to  be  heated. 

4.  From  the  almoff  infinite  velocity  with  which  a  train  of 
this  powder  may  be  fired,  it  is  calculated  for  fetting  on  fire 
things  which  cannot  be  effected  by  a  train  of  gunpowder  *. 

ANTIQUITY  OF  THE  EARTH. 

In  a  former  Number  we  mentioned  the  French  having 
found  in  Egypt,  on  fome  of  the  antient  monuments,  different 
figures  of  the  zodiac,  which,  fuppofing  them  to  have  been 
originally  formed  when  the  heavens  had  a  correfponding  pofi- 

T'  Communicated  by  Mrs.  R.  Lowry,  a  pupil  of  Dr.  Pearfon. — For  a 
further  account  of  this  powder,  we  beg  to  refer  our  readers  to  Mr.  How¬ 
ard’s  paper,  given  in  a  preceding  volume. 
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lion,  tended  to  give  to  our  earth  a  much  higher  origin  than  our 
received  chronology  attributes  to  it.  According  to  fome  phi— 
lofophers,  we  mull  go  back  from  the  prefen t  period  15, coo 
years;  and  even  then  we  ih all  only  arrive  at  the  time  in 
which  the  figures  of  the  zodiac  were  contrived  :  but  the 
world  may  have  undergone  many  previous  revolutions. 

With  ail  the  femblance  of  fagacityand  truth  which  accom¬ 
panies  this  mode  of  argument,  nothing  can  be  more  unphiio- 
fophical  than  the  inference.  Is  it  not  an  admitted  fabt,  that 
one  of  the  firft  efforts  of  afironomers,  after  their  faience  had 
attained  a  certain  degree  of  perfection,  was  to  draw  from  it 
fuch  modes  of  arrangement  and  calculation  as  might  be  ufefu! 
in  adj ulling  the  current  time;  and  that  the  period  from  which 
they  fuppoj’ed  their  account  to  fet  out  was  in  a  great  meafure 
arbitrary ,  depending  on  the  multiplication  of  cycles  into  each 
other,  counting  backward  from  any  pofition  of  the  heavenly 
bodies  in  the  then  current  age,  to  the  period  in  which  thefc 
bodies  (according  to  their  tables)  muft  have  ftood  in  a  pofi- 
tion  fitting  the  purpofe  they  had  in  view? 

Does  not  the  evidence  adduced  in  different  papers  in  the 
Afiatic  Refearchcs  amount  almoft  to  a  demonftration  that, 
excepting  a  period  which  accords  very  well  with  the  Scripture 
accounts,  the  whole  Bramin  chronology  of  myriads  of  years 
is  merely  a  clumfy  aftronomteal  fibfion,  which  at  firftwas  not 
even  intended  to  deceive  ? 

We  may  alfo  ftate  here  another  well  known  fact, — that  it 
was  long  a  favourite  opinion  with  aftrologers,  that  all  the  pla¬ 
nets  muft  have  been  in  conjunction  *  in  the  firft  fcruplc  of 
the  fign  Aries  when  the  world  was  made;  becaule  then, 
according  to  them,  was  the  proper  time  to  begin  a  year ! 
Others  might  have  been  for  a  different  arrangement,  i.  e.  a 
differently  con  ft  rubbed  zodiac  ;  but  whichever  had  the  greateft 
number  of  fuffrages  at  any  period,  can  never  prove  any  thing 
as  to  the  fabt  in  queftion. 

But,  not  to  dwell  on  a  fubjebt  fo  unprofitable,  or  on  the 
early  propenfity  of  different  nations  to  forge  for  themfelves 
an  high  antiquity,  is  it  not  known  to  every  one  that  the 
Julian  period  had  an  arbitrary  commencement?  If  the  hif- 
tory  of  this  fabf  had  been  loft,  and  correfponding  zodiacs  had 
been  found,  would  it  have  been  cor  reef  to  have  inferred  that 
they  were  made  6500  years  ago  ? 
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Lord  Elgin,  our  ambaflador  at  Conftantinople,  having 
lent  from  that  city  to  Athens  feveral  artifts,  who  caufed  dili- 

Let  the  planets  be  all-vvithont  any  latitude  in  fuch  a  conjunction — 
when  did  it  take  place  ? 
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gent  fearch  to  be  made  in  the  Temple  of  Thefeus,  we  learn 
that  they  were  fo  fortunate  as  to  find  there  almoft  all  the  bas- 
reliefs  which  formerly  ornamented  the  Temple  of  Minerva. 
Thefe  monuments,  a  great  many  infcriptions,  and  all  the 
urns  capable  of  being  tranfported,  have  been  fent  by  the 
Porte  to  England. 

A  M.  de  Hammer  alfo  has  made  valuable  difcoveries  at 
Paphos,  and  has  found  at  Rofetta  a  complete  copy  of  the 
original  of  the  Arabian  Nights  Entertainments.  Indeed, 
feveral  copies  of  this  work,  in  Arabic,  have  been  found  in 
Egypt,  as  well  by  Mr.  Hammer  as  by  Mr.  Clarke  of  Jefus 
College,  Cambridge,  and  by  the  members  of  the  French 
Inftitute;  but  Mr.  Hammer’s  attainments  are  infinitely  more 
extenfive,  and  exclufively  embrace  fome  objects  of  the  higheft 
importance  to  the  literary  world. 

Mr.  Hammer  is  a  German  gentleman  of  rank,  who  was 
fent  by  the  Emperor  of  Germany,  for  the  purpofe  of  explor¬ 
ing  the  literary  treafures  of  Perfia,  Arabia,  Egypt,  &c. 
During  the  eventful,  and  we  may  fay  miraculous,  campaign 
of  Sir  S.  Smyth  in  Syria,  Mr.  Hammer,  then  on  his  travels, 
became  known  to  him,  and  profited  by  the  extenfive  in¬ 
flu  ence  and  character  of  our  countryman  to  profecute  his  re- 
fearches.  He  has  by  thefe  means,  feconded  by  extenfive 
talents,  and  a  perfect  knowledge  of  the  Arabic  and  other 
lang-uao-es,  obtained  more  intereftine'  matter  than  even  the 
French  Inflitute  was  able  to  colledL  Amongft  other  eu- 
riofities,  he  has  brought  to  this  country  an  Arabian  manu- 
fcript  of  great  antiquity,  furnifhing  a  complete  key  to  the 
hieroglyphics,  by  which  he  has  been  enabled  to  tranflate 
various  infcriptions  on  the  pyramids,  &c.  and  thus  eflablifh 
the  objects  for  which  thofe  ftupendous  maffes  were  ereHed. 

Le  Moniteur  (the  French  official  journal)  of  the  1 8th  De¬ 
cember,  announces  that  the  Chevalier  de  Coral,  the  Spanifh 
ambaffador  at  Conflantinople, 'received  intelligence  at  Her- 
manfladt,  on  his  journey,  that  a  learned  Spaniard,  now  tra¬ 
velling  at  the  king’s  expenfe,  has  difcovered,  in  Morocco, 
a  complete  manufcript  copy  of  Titus  Livius,  written  in 
Arabic. 

DEATHS. 

Lately,  at  Chateauneuf,  in  the  department  of  Saone  and 
Loire,  in  the  houfe  of  his  brother-in-law,  C.  Dree,  the  cele¬ 
brated  Dolomieu,  member  of  the  National  Inftitute,  and  well 
known  by  his  important  labours  in  regard  to  mineralogy. 

On  the  19th  of  November  laft,  at  Nice,  Jofeph  de  Beau¬ 
champ,  the  celebrated  aflronomer,  who  relided  many  vears 
at  Bagdad  and  other  places  in  the  Eafl. 
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XL VII I.  Remarks  upon  fever al  Experiments  made  to  prove 

the  Converjion  of  Iron  into  Steel  hy  means  of  the  Diamond , 

By  David  Mushet,  Efq.  of  the  Calder  Iron  Works*, 

In  the  Philofophical  Magazine  for  November  2799  are 
inferted  feveral  experiments  performed  by  me  to  prove  whe¬ 
ther  the  experiment  of  the  French  chemifts  at  the  Polytechnic 
School  relative  to  the  formation  of  heel  by  means  of  the  dia¬ 
mond  was  fufficiently  conclufive.  Retting  upon  the  refultof 
thefe  experiments,  no  inference  could  be  drawn  to  validate 
the  accuracy  of  the  Parifian  experiment.  In  every  cafe,  fufed 
metallic  maffes  were  obtained,  when  neither  diamond  nor  car¬ 
bonaceous  matter  was  ufed,  which,  from  defeription,  refem- 
bled  every  way  the  button  obtained  by  futton  in  contadf  with 
the  diamond.  The  refults  produced  in  my  experiments,  when 
hammered,  and  put  to  the  ufual  tefts  of  heating,  and  plun¬ 
ging  into  water,  exhibited  the  ufual  ftate  of  fteel,  clofed  par¬ 
tially  in  the  grain  like  foft  fteel,  and  refitted,  in  a  confiderable 
degree,  the  application  of  the  file.  This  was  proof  beyond 
that  afforded  by  the  French  chemifts.  The  unufual  lefts  of 
polifhing  upon  the  lapidary’s  wheel,  dropping  the  nitrous 
acid,  and  exhibiting  the  fradture  of  the  metallic  button,  are 
not  fatisfadtory  proof  to  the  artift  that  fteel  was  here  pro¬ 
duced. 

Some  time  after  the  communication  of  the  above  experi¬ 
ments,  my  countryman  Sir  George  M‘Kcnzie  read  a  paper 
before  the  Royal  Society  of  Edinburgh ;  in  the  former  part 
of  which  he  exhibited  refults  to  prove  that  the  experiment  of 
the  French  chemifts  relative  to  the  diamond  forming  fteel 
was  quite  conclufive ;  and,  in  the  latter  part  of  his  paper,  he 
detailed  a  variety  of  experiments  to  invalidate  a  conelufion 
which  I  had  drawn,  of  carbon  diffolved  in  caloric  penetrating 
clofe  veftels,  and  by  its  union  with  iron  forming  fteel.  I  fliall 
in  this  paper  take  the  liberty  of  making  a  few  remarks  upon 
thefe  different  experiments,  as  they  occur  in  the  order  of  Sir 
George’s  arrangement. 

I  think  it  proper  here  to  premife,  that  my  not  fubferibing 
implicitly  to  the  conclufions  drawn  by  the  Parifian  chemifts 
and  Sir  George  M‘Kenzie  relative  to  the  diamond  and  iron, 
proceeds  not  from  faftidious  feepticifm  as  to  the  carbonaceous 
matter  of  the  diamond ;  I  only  wifh  that  the  fadf  of  its  form- 

*  Communicated  by  the  Author. 
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ing  fteel  by  its  union  with  iron  ffiould  be  eftabliffied  by  ex¬ 
periments  more  perfect  and  more  rigorous  than  any  hitherto 
performed,  before  a  conelufion  fo  important  be  drawn  and 
re  (ted  upon. 

The  remarks  made  in  the  fir  ft  paragraph  of  this  paper 
apply  equally  to  the  reful ts  of  Sir  George  as  defcribed  by 
him,  and  that  of  the  Polytechnic  School.  So  far  as  the  de- 
fcription  of  parties,  and  the  tells  ufed  by  each,  go,  the  refults 
obtained  in  the  experiments  communicated  by  me  feem  to 
prove,  with  equal  certainty,  the  prefence  of  fte.el ;  and,  as  a 
further  proof  of  this,  I  fh all  adduce  from  the  baronet’s  own 
experiments  an  identity  of  refults  obtained  in  two  of  his  own 
operations,  wherein  it  appears  difficult  to  diftinguifh  betwixt 
the  nature  of  the  products.  I  allude  to  that  obtained  when 
the  diamond  was  inclofed  in  a  cylinder  of  iron,  and  to  an¬ 
other  experiment,  wherein,  following  the  procefs  of  Clouet, 
he  fufed  a  mixture  of  iron,  carbonate  of  lime,  and  pounded 
crucible  *.  In  the  treatment  of  thefe  produces  refpedfively, 
no  fixed  or  determinate  feature  of  Heel  is  applicable  to  the 
one  more  than  the  other.  If,  therefore,  in  the  courfe  of  fub- 
fequent  communications,  I  prove,  by  the  moll  unexception¬ 
able  experiments,  that  the  deeompofition  of  the  carbonic 
acid  in  lime  never  afforded  one  particle  of  carbon  to  the  iron 
fufed  in  contact  with  it,  which  iron  poffeffed  firnilar  proper¬ 
ties  with  that  obtained  along  with  the  diamond,  fo  far  as  the 
baronet’s  obfervation  and  tens  went,  will  not  the  experiment 
of  the  diamond  forming  fteel  appear  Hill  more  equivocal,  and 
require  more  demonftrative  proofs  of  its  combination  with 
iron  than  any  yet  adduced  ? 

Upon  the  baronet’s  fecond  experiment,  wherein  he  ex- 
pofed  a  portion  of  iron  under  circumllanees  firnilar  to  thofe 
of  the  diamond  experiment,  and  obtained  no  fufion,  I  fhall 
fhortly  remark :  That  the  uncertain  and  unequal  degree  of 
heat  obtained  in  a  fmith’s  forge,  particularly  if  fingle  blafled, 
will  eafily  account  for  a  few  globules  being  fufed  in  the  one 
cafe,  and  none  in  the  other.  Blifters  were  found  in  both, 
and  it  does  not  appear  by  any  comparative  trials  of  quality 
that  thefe  blifters  were  eflentially  different,  or  produced  by 
different  caufes.  To  prove  that  an  irregularity  of  heat  might 
produce  the  difference  noticed,  namely,  the  fufion  of  a  few 
globules  of  the  iron,  a  reference  might  be  made  to  others 
of  Sir  George’s  own  experiments,  where  in  one  he  fufed  iron 
filings,  but  could  not  reduce  fragments  of  horfe-nails  ! 

The  major  part  of  Sir  George’s  experiments  which  follow 

*  Sec  Nicholfon’s  Chemical  Journal,  No.  xi.  pages  105  and  107. 
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thole  relative  to  the  diamond,  divide  themfelves  into  two 
parts :  thofe  wherein  heat  enough  was  employed,  and  in 
which,  confequently,  the  iron  was  found  reduced ;  and  vice 
verfa.  In  every  cafe,  had  the  baronet  pofiefted  powers  of 
furnace  fufficient,  he  would  have  obtained  a  fufed  refult.  In 
thofe  experiments  where  fufion  was  obtained,  the  quantities 
were  fo  fmall  that  they  afforded  but  a  Icanty  portion  for  fub- 
fequent  tefts* 

So  far,  however,  we  a»e  agreed,  that  malleable  iron  is  fufible 
either  alone  in  a  crucible,  or  in  contaCt  with  earths  of  various 
kinds.  It  is  relative  to  the  nature  of  the  products  thus  ob¬ 
tained  that  we  differ  :  a  fair  ftatement  of  the  fails,  as  they 
relate  to  the  experiments  of  Sir  George,  the  French  chemifts, 
and  thofe  communicated  by  me,  will  beft  explain  the  points 
at  iffue. 

C.  Clouet  firft  announced  two  new  proceffes  for  the  fufion 
of  iron,  and  for  the  converfion  of  it,  in  the  one  cafe  into  caft 
fteel  equal  in  quality  to  the  Fnglifh  marks  of  Hindfman  and 
Marfhall 1;  and  in  the  other,  the  converfion  of  it  into  a  kind 
of  cafl  iron  by  means  of  glafs.  The  former  experiment, 
being  deemed  of  national  importance,  was  formally  fubjeCted 
to  the  ableft  chemifts  in  France  for  fatisfaClory  documents  as 
to  the  correCtnefs  of  C.  Clouet’s  pretenfions.  This  was  un¬ 
dertaken  and  executed  by  citizens  Guyton,  d’Arcet,  and 
Vauquelin;  who,  after  repeated  experiments  in  the  fabrica¬ 
tion  and  fubfequent  forging  of  the  fieel,  pronounced  it,  in 
conjunction  with  their  moft  eminent  artifls,  pofiefted  of  ah 
the  <e  external  characters  and  intrinfic  qualities  of  the  Englifh 
eaft  fieel  of  the  manufactories  of  Huntzman  and  Marfchall; 
that  it  may  be  ufed  for  the  fame  purpofes,  and  be  introduced 
in  competition  with  it  in  commerce,  without  fear  of  any 
diftinCtion.  being  made  to  its  prejudice.” 

Shortly  after  thefe  experiments  were  announced  in  this 
country,  I  refolved  to  repeat  them  along  with  others,  not 
only  with  a  view  to  prove  the  faCts  efiablifhed  by  the  French 
chemifts,  but  more  particularly  with  a  view  to  explain  fome 
curious  refults  in  the  manufacture  of  crude  iron,  the  fource 
of  which  I  had  not  before  an  opportunity  to  explore,  and 
which  would  not  admit  of  a  fatisfaCtory  explanation  upon 
Clouet’s  fuppofition  of  the  decompofition  of  the  carbonic 
acid  and  the  union  of  its  carbon  with  iron. 

The  progrefs  and  detail  of  thefe  experiments  (hall  hereafter 
be  given;  fuffice  it  at  prefent  to  fay,  that,  in  following  the 
procels  laid  down  by  C.  Clouet,  with  clay,  carbonate  oflime, 
and  iron,  a  refult  fimilar  to  his  was  obtained :  but  I  found  ' 
alfo,  that  when  lime,  carefully  deprived  of  its  carbonic  acid, 
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was  introduced  as  a  fubflitute  for  the  carbonate,  the  fufion 
and  the  quality  of  the  button  produced  were  in  every  refpedt 
the  fame  !  The  metal,  fubjedted  to  a  variety  of  teds,  exhi¬ 
bited  the  various  phenomena  mentioned  in  a  former  part  of 
this  paper.  Convinced  that,  from  whatever  caufe  this  ap¬ 
pearance  of  fleet  was  derived,  the  carbonic  acid  was  entirely 
neutral,  I  next  ventured  to  fubject  iron  to  fufion  per  fe\  and 
the  refult  anfwered  the  novelty  of  my  expectations.  Beautiful 
buttons  were  obtained,  of  various  magnitudes,  poffeffed  of 
fimilar  properties  with  thole  obtained  with  the  carbonate  and 
clay,  and  with  the  de-acidified  lime  and  clay.  The  quality 
of  thefe  unalloyed  buttons  varied,  and  exhibited,  in  a  greater 
or  lefs  degree,  the  properties  afcribed  to  the  others.  From 
frequent  repetitions  of  the  fame  experiment  with  various  fized 
crucibles,  I  found  the  iron  lefs  altered  in  a  crucible  whofe 
capacity  was  little  more  than  the  contents  introduced,  than 
when  a  larger  crucible  was  ufed  to  the  fame  weight  of  iron. 

Thus  circumflanced,  and  unable  to  account  for  this  appa¬ 
rent  formation  of  fleel  in  any  other  way,  I  concluded  that 
fuch  was  the  affinity  of  iron  for  carbon,  that  when  protedled 
from  common  air,  and  expofed  to  a  high  temperature,  it  de- 
compofed  the  ignited  gas  of  the  furnace,  feized  its  carbon, 
and  conflituted  fleel ;  and  that  the  degree  of  faturation  de¬ 
pended  upon  the  area  prefented  by  the  interior  furface  of  the 
crucible  to  any  given  quantity  of  iron. 

I  had  advanced  thus  far  when  I  communicated  the  general 
refult  of  thefe  experiments  in  the  Philofophical  Magazine  for 
November  1799. 

Soon  after  this,  Sir  George  McKenzie  read  the  paper  for¬ 
merly  alluded  to.  In  it  he  informs  us  that,  when  he  pro¬ 
duced  heat  enough,  malleable  iron  was  fufible  per  J'e )  but 
he  alleges  that  in  no  cafe  was  the  quality  of  the  metal 
altered. 

In  the  prefent  flate  of  my  information  upon  the  fubje6t  at 
iffue,  I  fhall  cheerfully  give  up  the  conclufion  I  had  formerly 
drawn,  of  fleel  being  formed  bv  carbon  diffolved  in  caloric. 
I  have  Hated  the  progrefs  of  my  mind  fo  far  as  it  was  biaffed 
by  the  experiments  formerly  communicated ;  and,  far  from 
wifhing  to  confound  by  any  arguments  advanced  in  favour 
of  the  deduction  I  formerly  made,  I  regret  the  facility  with 
which  the  mind  is  naturally  inclined  to  indulge  in  favour  of 
received  opinions. 

The  long  received  opinion,  that  pure  malleable  iron  was 
infufible,  and  the  unqualified  approbation  paffed  upon  a  mo¬ 
dification  of  iron  exahllv  fimilar  in  quality,  by  the  ableftche- 
mitfs  in  Paris,  led  me  into  a  falfe  appreciation  of  the  quality 
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of  the  products  obtained  in  my  own  manipulations.  Aferies 
of  experiments,  which  I  {hall  communicate  through  the  me¬ 
dium  of  this  publication,  will,  I  hope,  carry  with  them  the 
mod  evident  demonftration,  that  in  attributing  to  their  refults 
the  merits  of  call  fteel,  or  fteel  of  any  quality,  the  French 
chemifts  have  deceived  themfelves,  and  led  into  error  many 
whole  confidence  in  their  labours  was  entire. 

I  cannot,  however,  fubferibe  with  the  fame  facility  to  the 
conclufion  drawn  by  Sir  George,  that  the  fufion  of  malleable 
iron  does  not  in  the  lead  alter  its  quality :  but  1  {hall  at  pre- 
fent  wave  adducing;  any  experiments  to  prove  the  contrary : 

1  /^lti  ®  1  ^  .  r  .  *■  .  .  *  *  ' 

they  lnali,  however,  be  given  herealter  in  their  proper  place. 
The  baronet’s  experiments  afford  one  in  (lance,  however*, 
which  he  has  overlooked  in  forming  the  opinions  on  which 
his  aflertions  are  founded.  He  fufed  two  parcels  of  iron 
flings,  the  one  alone,  the  other  mixed  with  oxide.  From 
thefe  were  obtained  two  buttons  of  iron  exadlly  fimilar  in 
quality,  which  quality,  from  the  eulogium  of  the  artift,  we 
may  juflly  infer  was  improved  by  the  fufion. 

The  qu  eft  ion  which  moll  forcibly  occurs  here  is  this : 
What  revived  the  oxide  in  contact  with  the  iron?  What 
affinity,  in  this  cafe,  was  exerted  to  difengage  the  oxygen 
and  revive  the  metallic  particles  ?  The  prefence  of  carbona¬ 
ceous  matter  muft  be  inferred.  This  again  we  muft  fuppofe 
united  to  the  iron,  involving  this  confequence,  that  good 
malleable  iron  contains  a  portion  of  charcoal  capable  of  re¬ 
viving  at  lead  i-ioth  part  of  its  weight  of  oxide  of  iron.  If 
this  mixture  is  necefifary  to  conftitute  good  malleable  iron, 
and  a  fub fiance  be  added,  which,  to  a  phyfical  certainty, 
muft  deprive  it  of  this  neceftary  conftituent  part,  will  the 
fufed  aggregate  ftill  be  of  the  fame  quality  as  a  portion  of  the 
fame  iron  fufed  alone,  or  an  original  portion  compared  with 
it  from  the  bar  *  ? 

I  fihall  conclude  this  paper  with  the  following  obfervation, 
founded  upon  dear-bought  experience,  and  which  I  hope 
neither  Sir  George  nor  his  artift  will  conceive  as  in  the  lead 
degree  perfonal.  ' 

in  fubmitting  metallic  refults  to  undergo  the  neceftary 
tefts  by  a  workman,  the  greateft  poftible  degree  of  caution  is 
neceftary  not  to  imprefs  him  with  the  nature  of  the  wifhed- 
for  refult.  A  fingle  experiment  often  is  the  foundation  of  a 
theory ;  and  workmen,  from  the  laudable  motive  of  pleafing 

*  I  hope  hereafter  to  fhow  that  all  malleable  iron  contains  a  portion  of 
charcoal ;  that  this  is  eflfentially  neceiTary  to  its  proper  exiftence  ;  and  that 
depriving  it  of  this  carbonaceous  mixture  debafes  its  quality  by  a  total 
annihilation  of  its  properties. 
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a  fuperior,  as  well  as  of  exciting  a  difpofition  to  a  more  va¬ 
luable  remuneration  in  fubfequent  trials,  foon  difcover  the 
bias  of  the  operator’s  mind,  and  artfully  ftrengthen  that  pre- 
difpofing  partiality  which  fets  mature  inveftigation  afide. 
Thus  frequently  may  a  difinterefted  perfon  be  the  innocent 
caufe  of  much  error,  and  the  occafton  of  many  tirefome  and 
laborious  experiments. 


XLIX.  The  fame  Methods  of  Reafoning  common  to  Mathe - 
mattes  and  to  Batumi  Hijlory  and  other  Branches  of 
PhjJics.  By  Mr.  R.  Heron. 

sir.  To  Mr.  Tilloch. 

',^r OUR  valuable  Publication  fupplies  much  agreeable 
evidence  of  the  conftant  advancement  of  phyfical  fcience  in 
all  its  branches.  Yet  one  cannot  help  obferving,  that  there 
exift,  between  the  votaries  of  the  ftudies  of  pure  and  mixed 
mathematics,  and  the  (Indents  of  chemiftry  and  natural  hif- 
tory,  a  mutual  jealoufy  and  mifunderftanding,  which  are,  I 
fear,  fometimes  not  a  little  inaufpicious  to  the  general  pro- 
grefs  of  philofophy.  You  (hall  rarely  fee  mathematics  and 
natural  hiftory  flourifh  at  the  fame  time,  and  in  the  fame 
fchool  of  fcience.  The  mathematician  looks  with  contempt 
on  the  naturalift ;  and  that  contempt  the  naturalift  feldom 
fails  abundantly  to  repay.  There  is  even  fuppofed  to  be  an 
incompatibility  between  thefe  different  ftudies,  fo  great,  that 
he  who  excels  in  the  one  muff  not  hope  to  fucceed  in  the 
other. 

But  thefe,  Sir,  are  merely  groundlefs  prejudices.  It  is  not 
to  propofe  a  paradox — when  I  affirm,  that  “  the  truths  of 
mathematics,  and  the  reafonings  by  which  thefe  are  difco- 
vered,  have  the  moft  exatff  analogy  with  thole  of  natural  hif¬ 
tory,  and  indeed  of  every  other  branch  of  fcience  that  can  be 
named.”  I  am  induced  to  fend  you  the  following  (hort  ex¬ 
planation  of  this  propofition,  not  in  the  idea  of  fupplying  in 
it  a  new  difcovery  for  the  ufe  of  the  fcientific  and  the  learned, 
whole  views  are  truly  profound  and  enlarged  ;  but,  as  believ¬ 
ing  it  of  great  importance,  that  this  principle  fhould  be  ren¬ 
dered  familiar  to  the  minds  of  thofe  who  are  now  entering 
upon  philofophical  ftudy ;  and  as  hoping  that  fome  of  thofe 
Who  are  mere  bigots  of  mathematics,  and  of  thofe  who  are, 
on  the  other  hand,  mere  bigots  of  natural  hiftory,  may  be 
brought  mutually  into  good  humour  by  it. 

I.  Confider  the  nature  of  thofe  reafonings  by  which  ma- 
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fchematical  truths  are  difcovered.  Number  and  figure,  points 
and  lines  in  all  their  poftible  combinations,  magnitudes  or 
quantities,  are  the  fubjeCfs  of  mathematical  inveftigation. 
Of  thefe,  we  bring  not  into  the  world,  by  reminifcence  from 
a  former  ftate,  or  by  innate  infpiration,  any  original  know¬ 
ledge  prior  to  experience  by  the  fenfes.  So  fimple,  however, 
and  primary  are  their  ideas,  that  they  may  be  confidered  as 
nearly  coeval  with  the  firft  opening  of  the  mind  to  percep¬ 
tion.  The  line,  the  point  indeed,  which  we  perceive  by 
fenfe,  poflefs  not  each  that  perfection  in  its  kind  which  ma¬ 
thematical  fcience  afcribes  to  it.  Yet  from  fenfe  are  our 
primary  notions  of  the  mathematical  line  and  point  never- 
thelefs  derived.  We  obtain  the  notions  of  animal  and  vege¬ 
table  forms  and  colours  more  perfectly  beautiful  than  any 
which  are  aCtually  to  be  feen,folely  by  abftraCting  and  again 
combining  in  idea  the  beauties  which  are  in  nature  diftri- 
buted  among  different  animals  and  vegetables.  We  form  in 
imagination  the  character  of  a  truly  wife  and  good  man  by 
a  fimilar  abftraCtion  and  combination  of  qualities,  which  in 
real  life  are  never  to  be  feen  together.  We  exalt  our  minds 
to  conceive  the  exiftence  of  the  all  perfeCt  Ruler  of  the  uni- 
verfe,  alfo  by  the  abftraCtion  of  the  beft  qualities  which  we 
dilcover  in  his  creatures,  and  by  combining  them  in  our 
thoughts  in  the  higheft  perfection  in  which  we  are  able  to 
imagine  their  coexiftenee.  And  it  is  juft  in  the  fame  manner 
that,  by  abftraCtion  from  the  point  and  line,  which  can  be 
materially  reprefented  to  our  eyes,  we  attain  to  the  concep¬ 
tion  of  a  mathematical  point  without  length,  breadth,  or 
thicknefs;  and  of  a  mathematical  line,  which  of  thefe  qua¬ 
lities  has  none  attributed  to  it  but  length. 

Thus  far,  then,  the  fundamental  notions  in  mathematical 
fcience  are  gained  precifely  in  the  fame  manner  in  which  we 
arrive  at  the  knowledge  of  generic,  fpecific,  or  claflific  cha¬ 
racters  in  natural  hiftory ;  by  obferving  individuals  in  ma¬ 
terial  nature,  and  by  abftraCting  thofe  qualities  which  are 
common  to  numbers ;  leaving  out  thofe  which  ferve  but  to 
particularize  individuals,  and  making  the  qualities  abftraCted 
and  combined  anew,  to  our  minds,  the  common  representa¬ 
tives  of  all. 

Numbers  are  generated  from  points;  all  other  definite 
magnitudes  from  lines ;  and  a  line  itfelf  is  alfo  produced  from 
a  point.  But  we  have  no  realon  to  believe,  that,  if  material 
nature  did  not  fuggeft  to  our  conception  the  repetitions  of 
unity,  by  presenting  more  individual  objeCts  than  one  to  our 
notice,  we  fhould  ever  have  formed  the  idea  of  two.  Nor  is 
it  certain  that  we  fhould  have  been  able,  in  imagination,  to 
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diftinguiffi  lines  into  the  fpecies  of  curved  and  flraight,  unlefs 
we  had  feen  imperfect  examples  of  both  in  the  extremities 
or  outlines  of  material  bodies.  Thus,  not  only  our  fimpleft 
mathematical  ideas  of  unity  and  of  extenfion  are  abftrac- 
tions  from  material  exiftence,  juft  as  exaftly  as  are  the  ge¬ 
nera,  fpecies,  &c.  in  natural  hiftory ;  but  our  notions  of  the 
combining  of  unities  and  cxtenfions,  by  multiplication  and 
addition,  fo  as  to  produce  new  varieties  of  them,  are  certainly 
in  their  origin  produced  by  a  farther  obfervation  of  material 
nature,  and  without  this,  moft  probably,  could  not  arife. 
The  mathematician  who  purfues,  in  arithmetic,  unity 
through  all  its  combinations,  or  who  combines,  in  exten¬ 
sion,  lines  into  all  the  imaginable  diverfities  of  curved  and 
rectilinear  figures,  employs,  in  thefe  acts,  a  mental  procefs 
perfectly  analogous  to  that  of  the  poet  who  feigns,  ad  libitum, 
characters  of  deities,  men,  and  daemons,  by  new  combina¬ 
tions  of  thofe  moral,  intellectual,  and  bodily  qualities  which, 
he  has  had  occafion  to  behold  in  real  life.  This  mathema¬ 
tician  does,  in  faCt,  a  thing  precifely  fimilar  to  that  which  is 
done  by  the  common  mafon  or  carpenter,  who  frames,  of 
flone  or  wood,  many  new  figures  of  building,  furniture,  and 
utenfils,  not  exaCtly  fimilar  perhaps  to  any  that  he  may  have 
feen  in  fimple  unviolated  nature.  The  chemift  aCts  in  the 
fame  manner,  in  everv  trial  of  the  unknown  combinations 
of  any  chemical  fubftance  of  which  he  defires  to  inveftigate 
the  character.  And  it  is  exaCtly  thus,  too,  that  the  zoolo- 
gift,  to  elucidate  the  natural  hiftory  of  any  animal,  places  it 
in  every  diverfity  of  circumftances  in  which  he  can  imagine 
that  a  new  quality  may  be  difplayed  by  it. 

Compare  the  fimpler  operations  in  arithmetic  with  thofe 
of  logic.  Multiplication  is  only  an  abbreviation  of  addition: 
addition,  in  every  aft  of  it,  limply  compares  feveral  different 
individuals,  and  thus  afcertains  that  they  belong  to  the  fame 
fpecies:  every  aft,  whether  of  addition  or  of  multiplication, 
is  precifely  that  elliptical  fyllogifm  which  is  named  an  enthy- 
meme.  In  every  aft,  whether  of  the  one  or  of  the  other, 
there  is,  in  truth,  an  analyfis  of  particulars,  and  a  general 
induftion  from  them.  I  fay,  for  inftance,  in  addition,  2 
and  2  are  4.  This,  as  a  fyllogifm,  affirms,  that  all  numbers 
containing  equal  units  are  equal:  4  exprefles  a  certain  com¬ 
bination  of  unities  :  2  and  2  make  together  exaftly  the  fame 
combination  of  unities;  2  and  2  are  therefore  equal  to  4. 
Let  any  one  attend  vigilantly  to  what  pafifes  in  his  mind  in 
this  aft  of  addition ;  and  he  will  find  it  to  be  clearly  what  is 
here  ftaled.  Again,  this  aft  of  addition  fhow's,  juft  like  the 
obfervation  of  a  rofe-tree  only  in  leaf,  and  of  a  rofe-tree  in 
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full  flower  in  natural  hiftory,  that  2  and  2  are,  as  well  as  4, 
but  combinations  of  the  fame  fpecies,  genus,  order,  or  clafs 
of  unity.  It  is  alfo  an  example  of  analyfis  and  induction. 
You  analyfe  when-  you  confider,  as  one  unavoidably  does, 
the  conftituent  units  feparately ;  you  draw  your  general  in¬ 
ference  when  you  perceive  the  equalities.  Any  ad  in  mul¬ 
tiplication  might,  as  to  the  reafoning  of  it,  be  in  the  fame 
manner  illuftrated.  Subtraction  reafons  exadly  in  the  fame 
manner  as  addition;  but,  inftead  of  equalities,  difcovers  dif- 
fimilitude,  and  of  that  diffimilitude  gives  a  numerical  defi¬ 
nition.  Divifion  combines  the  reafonings  of  addition  or  mul¬ 
tiplication  with  thofe  of  fubtradion.  The  rule  of  three  is, 
moft  obvioufly,  a  chain  of  abridged  fyllogifms;  a  procefs  of 
regular  analyfis  and  indudion  ;  an  afcertaining  of  the  proper 
.fpecies,  &c.  to  which  certain  individuals  belong.  Purfue 
the  reafonings  which  refped  numbers  through  every  other 
variety  of  the  accuftomed  operations;  and  you  fhall  find,  ftili, 
nothing  but  the  fame  ads  of  ratiocination  conftantlv  repeated. 
A  fyllogiftic  comparifon  of  ideas ;  to  difcover  equality  or  dif¬ 
ference;  a  procefs  of  analyfis  and  indudion;  a  reference  of 
individuals  to  their  refpedive  fpecies,  of  fpecies  to  their  ge¬ 
nera,  &c.  &x. ;  are  ftili  the  only  ads  of  intelled  which  are 
performed  :  and  ftili  the  mind  is  confcious  of  no  ideas  but 
what  have  their  origin  in  the  obfervation  of  material  exift- 
ences,  and  in  abftradion  from  thefe. 

Thus  it  is  in  that  part  of  mathematics  which  abftrads 
quantity  from  extenfion,  and  concerns  itfelf  only  about  the 
relations  and  properties  of  number  confidered  exclufively  of 
figure. — Examine,  on  the  other  hand,  any  of  the  propofitions 
and  demonftrations  of  Euclid,  or  any  other  mathematician  who 
inveftigates  the  qualities  of  figures  in  the  antient  form  of  ma¬ 
thematical  reafoning.  Does  he  demonftrate  a  theorem  ?  This 
is  only  to  eftablifh,  by  analyfis  and  indudion,  a  general  fad 
before  unknown.  Is  he  to  folve  a  problem  ?  This  is  to  explain 
the  fecret  caufes  of  a  general  truth  before  known,  but  unac¬ 
counted  for;  to  invent  a  rule,  and  prove  it  to  be  founded  on 
a  due  knowledge  of  the  relations  of  things;  or  to  adopt  a 
rule  from  others,  and  to  fhow  by  what  means  it  is  that  com¬ 
pliance  with  this  rule  perfedly  accomplifhes  the  end  propofed. 
A  theorem  and  a  problem  differ  from  one  another  merely  as 
two  different  modes  for  fuggefting  the  fame  queftion  or  qnef- 
tions  of  the  fame  fpecies.  In  both,  the  mind  analyfes  and 
abftra£ts  juft  as  in  the  profecution  of  any  difcovery  in  natural 
hiftory.  The  train  of  demonftration  in  the  works  of  all  the 
antient  mathematicians  who  treat  of  figure,  is  a  feries  of  en¬ 
tity  mem  es  or  abbreviated  fyllogifms.  When  I  go  about  to 
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demonftrate,  that  the  three  angles  of  any  triangle  are  equal 
to  two  right  angles;  what  elfe  is  this,  but  to  (how  that  the 
three  angles  of  a  triangle  are  one  fpecies  of  the  fnbdivifions 
into  which  the  magnitude  of  two  right  angles  maybe  marked 
out  ?  Can  a  fingle  cafe  of  mathematical  inquiry  be  pointed 
out,  in  which  the  reafoning  fhall  not  appear  to  have  the  mo  ft 
perfect  analogy  with  that  which  is  ufed  in  every  other  branch 
of  faience,  and,  indeed,  in  the  whole  buiinefs  of  common 
life  ?  Impofiible. 

But  the  mathematician  reprefents  all  magnitudes  by  com¬ 
binations  of  lines  incapable  of  exhibiting  folid  contents,  or 
even,  with  accuracy,  the  di verfi ties  of  furface;  and  in  his  de- 
monftrations  employs  the  letters  of  the  alphabet  to  denomi¬ 
nate  thofe  lines.  He  does.  But  the  abftradfions  of  the  fancy 
of  the  poet  are  thus  reprefented,  and  but  in  part,  by  the 
imagery  of  the  1’culptor  and  the  painter.  The  naturalift  thus 
employs  delineations  of  thofe  objects  which  he  cannot  keep 
conftantly  under  his  actual  infpedtion.  The  letters  of  the 
alphabet,  and  other  figns  not  in  any  other  way  fignificant, 
are  employed  in  our  reafonings  in  every  other  branch  of 
knowledge,  juft  as  well  as  in  mathematics.  If  a  few  tech¬ 
nical  terms  be  peculiar  to  this  branch  of  the  fcience  of  the 
magnitudes  of  figure;  are  not  certain  fets  of  technical  terms, 
in  almoft  every  other  infiance,  much  more  numerous  than 
thole  of  mathematics,  peculiar  refpedlively  to  every  different 
fcience,  and  to  every  different  branch  of  art? 

It  may  full,  however,  be  alleged,  that  there  is  a  peculiarity 
in  algebra,  that  branch  of  mathematical  reafoning  in  which 
the  moderns  chiefly  delight.  But,  no  :  the  reafoning  is,  even 
in  algebra,  ftill  the  fame.  The  figns  only,  and  the  abbre¬ 
viations,  are  fomewhat  different.  Algebra  refines  even  upon 
the  abftradtions  of  arithmetic,  and  enables  the  mind  to  pro¬ 
ceed  through  a  long  train  of  reafoning  refpedting  numerical 
quantities,  magnitudes,  or  diftindt  values  of  any  fort,  without 
the  intervention  of  common  language,  or  even  of  the  com¬ 
mon  figns  of  number.  But  the  objedt  is  ftill  to  arrange  in¬ 
dividuals  under  their  fpecies,  lpecies  under  their  genera,  ge¬ 
nera  under  abftradtions  ftill  more  comprehenfive,  See.  The 
reafoning  is  ftill  by  an  analytical  collection  of  particular  fadts, 
and  a  conclufion  to  a  general  truth  from  their  agreement. 
I  he  feries  of  abbreviated  fyllogifms  may  be  juft  as  clearly 
traced  in  demonftrations  by  algebraic  fymbols,  as  in  thofe  in 
which  more  tedious  forms  of  words  are  employed.  Algebra 
is  but  the  brachygraphy  of  mathematics;  and  (hort-hand 
writing  implies  no  peculiarity  of  reafoning,  but  merely  a  vo¬ 
luntary  and  conventional  connedtion  of  certain  fioms  with 
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certain  primary  objects,  whether  founds,  words  written  in 
alphabet,  or  diftinSt  exigences  in  nature.  In  the  higher 
parts  of  algebra,  and  indeed  throughout  all  mathematics, 
are  many  abbreviations  nearly  fimilar  to  that  in  which  arith¬ 
metic  fubftitutes  multiplication  for  addition.  But  has  not 
every  branch  of  knowledge,  in  like  manner,  its  abbrevia¬ 
tions,  by  means  of  which  its  reafonings  are  brought  con¬ 
tinually  nearer  to  the  quicknefs  and  certainty  of  intuition  ? 

II.  All  that  fcience  does  is,  not  to  create  new  exigences, 
to  bring  into  the  knowledge  of  man  fomething  that  was  never 
before  known  to  mind,  but  merely  to  obferve  individuals, 
and  to  form,  by  abftradtion,  general  notions  bv  which  human 
thought  may  become  capable  of  a  much  greater  number  of 
individual  conceptions  than  it  could  by  other  means  poffibly 
comprehend.  In  fhort,  all  human  fcience  is  thus  reduced  to 
arrangement  convenient  to  memory,  and  ferving  merely,  as 
it  were,  to  enlarge  the  range  of  the  mind’s  eye.  Now,  ma¬ 
thematics  is  not  a  folitary  exception:  all  its  difcoveries  are 
merely  difcoveries  of  exiftence  and  arrangement.  A  mathe¬ 
matical  point  is  the  genus  generailjfimum  of  the  fcience. 
Points  repeated  with  relation  merely  to  numerical  quantity; 
and,  on  the  other  hand,  points  repeated  fo  as  to  form  ex¬ 
tenfion  ;  are  the  two  great  genera  included  immediately  under 
that  genus  generaliffimum.  If  we  purfue  lineally  extended 
quantity  into  fubdivifions  continually  lower,  we  dial l  find 
next  the  three  fpecies  of  lineal  extension  by  ftraight  lines,  by 
curves,  and  by  angles.  Under  the  fpecies  of  ftraight  lines  are 
all  the  fubordinate  fpecies  of  merely  longitudinal  extenfion, 
with  their  mutual  relations  and  differences.  The  fpecies  of 
curves  has  under  it  all  the  inferior  fpecies  of  magnitudes  or 
figures,  which  can  be  formed  and  bounded  by  curved  lines 
alone,  without  the  intervention  of  angles  or  ftraight  lines. 
The  fpecies  of  angles  comprehends,  as  fubordinate,  all  the 
different  forts  of  hngle  angles  which  can  be  formed  by  the 
meeting  of  two  ftraight  lines.  Subordinate  to  the  angle  and 
the  ftraight  line,  jointly,  are  all  thole  figures  complete  on  all 
Tides,  which  are  formed  bv  the  combination  of  ftraight  lines 
and  angles  only.  There  is  a  fifth  clafs  of  fubordinate  fpecies 
referable  to  the  angle,  the  ftraight  line,  and  the  curve,  jointly, 
which  includes  all  the  fubordinate  fpecies  of  figures,  all  thofe 
modes  of  extenfion,  in  which  angles,  ftraight  lines,  and  curves 
are  combined.  It  were  eafy  to  purfue  tbefe  fubdivilions  con¬ 
tinually  lower,  even  to  every  conceivable  diverfity,  in  the 
modes  of  extenfion.  It  mig;ht  be  fhown  that  number  is 
merely  arrangement  into  genera  and  fpecies,  & c.  with  the 
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fame  eafe  with  which  this  is  evinced  of  extended  magnitudes. 
But  I  will  not  multiply  examples  of  what  is  fo  obvious. 

When  time  is  made  the  fubjeit  of  mathematical  calcula¬ 
tion  ;  it  is  then  confidered  either  as  numerical  quantity,  or  as 
lineally  extended  magnitude,  or  as  a  combination  of  the  one 
with  the  other. 

Diftances  are  obvioufly  fubjeils  of  mathematieaLcalcula- 
tion,  l'olely  becaufe  they  are  modes  of  lineal  extenfion. 

Nothing  elfe  can  be  brought  under  the  mere  forms  of 
mathematics  without  a  fiition,  that  it  is  either  numerical  or 
lineally  extended  quantity. 

Ail  the  truths  of  mathematics,  antient  and  modern,  pure 
and  mixed,  might  be  more  happily  than  in  any  other  mode 
of  expofltion  unfolded  in  a  fyftematic  arrangement,  like  that 
under  which  Linnaeus  has  difpofed  the  hiftory  of  the  king¬ 
doms  of  nature,  or  the  table  in  which  the  French  chemifts 
contrived  beautifully  to  ftate  the  truths  and  analogies  in  the 
jLavoiflerian  fyftem  of  that  fcience. 

I  do  not  at  all  communicate  this,  Sir,  as  any  mighty  dif- 
coverv.  I  fhould  only  with  to  convince  fome  mathematicians 
that  naturalifts  reafon  juft  as  much  as  they,  and  precifelv  in 
the  fame  way;  that  mathematics,  like  all  other  branches  of 
human  fcience,  deals  merely  in  the  difcernment  of  exiftence 
and  in  arrangement ;  that  it  is  not,  therefore,  more  remote 
than  any  other  fcience  from  the  common  fenfe  and  common 
utilities  of  life ;  that  it  has  no  right  to  be  efteemed  the  only 
fcience  by  which  the  reafoning  powers  are  to  be  fuccefsfully 
Invigorated ;  that  its  forms  may  be  yet  advantageoufly  lim- 
plifted;  and,  that  all  its  general  and  fpecific  truths  might  be 
very  intelligibly  exhibited  in  one  fyftem,  and  in  one  or  two 
grand  tables. 

At  my  firft  leifure,  Sir,  I  (hall  take  the  liberty  of  addrefftng 
you  on  a  different  fubjedl ;  and  ftiall  communicate  certain 
fails,  from  which  the  electrical  fluid  appears  to  me  to  be 
certainly  an  oxide  of  caloric, 

i  am,  Sir,  yours, 

R.  Heron, 


London, 

December  7th,  1801. 
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L.  Report  given  in  to  the  Clafs  of  the  Mathematical  and 

Phyjical  Sciences  of  the  French  National  Injlitute  on  tbs 
.  Experiments  of  Volta,  made  the  2 d  of  December  i8oo  *. 

TThE  firft  galvanic  phenomena  eonfifted  of  mufculaf 
contractions  excited  by  the  contad  of  a  metallic  arc.  Gal- 
vani  and  feveral  other  philofophers  confidered  them  as  pro¬ 
duced  by  a  peculiar  eledricity  inherent  in  animal  parts. 
Volta  firft  announced  that  the  animal  arc  introduced  into 
thefe  experiments  ferved  only  to  receive  and  manifeft  the  in¬ 
fluence,  but  very  little,  or  not  at  all,  to  produce  it.  The  muf- 
cular  irritation,  which  was  at  firft  fuppofed  to  be  the  import¬ 
ant  part  of  the  phenomenon,  was,  according  to  him,  only 
an  effeCt  of  the  eledric  adion  produced  by  the  mutual  con¬ 
tact  of  the  metals  of  which  the  exciting  arc  was  formed. 
This  opinion,  which  found  partifans  as  well  as  opponents, 
caufed  the  experiments  proper  for  fupporting  or  combating  it 
to  be  multiplied;  and,  as  is  always  the  cafe  in  the  infancy  of 
difcoveries,  there  appeared,  aloftg  with  faCts,  a  number  of 
lingular  anomalies,  which  rendered  it  more  difficult  to  trace 
out  their  connection,  and  which  were  then  even  inexplicable, 
becaufe  they  arofe  from  very  delicate  circumftances,  the  in¬ 
fluence  of  which  was  not  well  known. 

Such  was  the  ftate  of  this  branch  of  philofophy  when  the 
commiffion  delivered  in  to  you  its  firft  report :  its  objeCt  had 
been  to  determine  with  accuracy  the  conditions  proper  for 
calling  forth  and  modifying  the  galvanic  effeCts  ;  it  did  not 
attempt  to  explain  them,  and  confined  itfelf  to  prefenting 
them  in  that  order  which  feemed  mod  proper.  At  that  pe¬ 
riod  we  were  not  acquainted  with  the  refearches  by  which 
C.  Volta,  purfuing  the  path  he  has  opened,  endeavoured  to 
conneCt  with  his  firft  difcovery  all  the  phenomena  exhibited 
by  galvanifm.  He  has  fince  made  known  a  great  many 
others,  equally  important,  which  he  has  conneded  together 
by  a  very  ingenious  theory ;  and  if  any  thing  ftill  remains  to 
be  done  to  determine  with  exadnels  the  laws  of  this  lingular 
adion,  and  to  fubjed  it  to  rigorous  calculation,  the  principal 
fads  at  leaft,  which  ought  to  ferve  as  the  balls,  feem  to  be 
invariably  fixed. 

Your  commiffion  propofes  at  prefent  to  give  an  account  of 
thefe  fundamental  experiments,  and  the  method  in  which 

*  The  commiffion  charged  with  this  report  con  filled  of  Laplace,  Cou¬ 
lomb,  H.-tlle.  Monge,  Fourcroy,  -  Vauqueiin,  Pellctaa,  Charles,  ;BrilIon, 
Sabatitier,  Guvton.  and  Biot. 

Volta 
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Volta  employed  them  for  the  eftablifhment  of  hi?  theory* 
It  is  much  indebted  to  that  learned  man  for  the  readinefs 
with  which  he  repeated  them,  feveral  times,  before  the  com- 
mifiioners ;  who  can  thus  vouch  for  their  truth  and  correH- 
nefs.  The  principal  fa£l,  that  from  which  all  the  reft  may 
be  deduced,  is  as  follows  : 

If  two  different  metals,  infulated,  and  having  only  their 
natural  quantity  of  ele&ricity,  are  brought  into  contact, 
when  removed  from  that  contact  they  are  found  in  different 
ftates  of  electricity  :  one  is  pofitive,  and  the  other  negative. 

This  difference,  very  fmall  at  each  contact,  being  accu¬ 
mulated  in  an  electric  condenfer,  becomes  fufficiently  ftrong 
to  caufe  the  ele&rometer  fenfibly  to  diverge.  The  action  is 
not  exercifed  at  a  diftance,  but  only  on  the  contact  of  dif¬ 
ferent  metals ;  it  fubfifls  as  long  as  the  contact  continues, 
but  its  intenfity  is  not  always  the  fame.  It  will  here  be  luf- 
fieient  to  take  as  examples  copper  and  zinc.  In  their  mutual 
contact  the  copper  becomes  negative,  and  the  zinc  becomes 
pofitive. 

Having  proved  the  development  of  metallic  electricity  in¬ 
dependently  of  any  moift  condutor,  C.  Volta  introduces 
thefe  conductors. 

If  a  metallic  plate  be  formed  of  two  pieces,  one  of  zinc 
and  the  other  of  copper,  foldered  end  to  end ;  if  the  ex« 
tremity  of  the  zinc  be  held  between  the  fingers;  and  if  the 
other,  which  is  of  copper,  be  made  to  touch  the  upper  plate 
of  the  condenfer,  which  is  alfo  of  copper,  the  latter  will  be 
charged  negatively.  This  is  evident  from  the  preceding  ex¬ 
periment. 

On  the  other  hand,  if  the  copper  extremity  be  held  be¬ 
tween  the  fingers,  and  if  tHe  other  extremity,  which  is  of 
zinc,  he  made  to  touch  the  upper  plate  of  the  condenfer, 
which  is  of  copper,  when  the  contact  is  deftroyed,  and  the 
upper  plate  is  removed,  it  has  not  acquired  electricity,  though 
the  lower  plate  communicates  with  the  common  refervoir. 

But  if  paper  moiftened  with  pure  water,  or  any  other  moift 
conductor,  be  placed  between  the  upper  plate  and  the  zinc 
extremity,  the  condenfet  becomes  charged  with  pofitive  elec¬ 
tricity.  It  becomes  charged  alfo,  but  negatively,  when  the 
upper  plate,  covered  with  a  moift  conductor,  is  touched  by 
the  copper  extremity,  holding  the  zinc  extremity  between 
the  fingers.  Thefe  fafts  are  inconteftable ;  they  have  been 
verified  by  the,  commiflion. 

The  manner  in  which  C.  Volta  explains  them,  and  refers 
them  to  the  preceding,  is  a?  follows : 

^Metals,  fays  he,  and  perhaps  all  the  bodies  in  nature, 

exereife. 
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exercife,  as  has  been  faid,  a  reciprocal  action  on  their  re- 
fpedtive  electricities  at  the  moment  of  contact.  When  the 
metallic  plate  is  held  by  its  copper  extremity,  a  part  of  its 
electric  fluid  pafles  into  the  oppofite  plate,  which  is  of  zinc ; 
but  if  this  zinc  is  in  immediate  contact  with  the  condenfer, 
which  is  alfo  of  copper,  the  latter  tends  to  difcharge  itfelf  of 
its  fluid  with  equal  force,  and  the  zinc  cannot  tranfmit  any 
to  it:  after  the  contact,  therefore,  it  muft  be  found  in  its 
natural  flate.  On  the  other  hand,  if  a  piece  of  moift  paper 
be  placed  between  the  zinc  of  the  plate  and  the  copper  plate 
of  the  condenfer,  the  moving  power  of  the  electricity,  which 
exifts  only  at  the  time  of  contact,  is  deftroyed  between  thefe 
two  metals  :  the  water,  which  feems  to  enjoy  this  property 
in  a  very  weak  degree  in  regard  to  metallic  fubftances,  checks 
only  a  very  little  the  tranfmiffion  of  the  fluid  from  the  zinc 
to  the  condenfer,  and  the  latter  may  be  charged  pofitively. 

In  the  laft  place,  when  the  condenfer  is  touched  writh  the 
extremity  of  the  plate  which  is  of  copper,  the  moift  paper 
interpofed,  the  proper  adtion  of  which  is  exceedingly  weak, 
does  not  prevent  the  metallic  plate  from  conveying  a  part  of 
its  metallic  electricity  into  the  plate  of  zinc :  then,  by  de- 
ftroying  the  contaft,  the  condenfer  is  found  charged  nega¬ 
tively. 

From  this  theory  it  is  eafy  to  explain  the  Voltaic  pile. 
To  do  it  with  more  fimplicity,  we  fhall  fuppofe  that  it  is 
formed  on  an  infulator,  and  we  (hall  reprefent  by  unity  the 
excefs  of  electricity  which  a  piece  of  zinc  ought  to  have  over 
a  piece  of  copper  immediately  touched  by  it*. 

If  the  pile  is  competed  only  of  two  pieces,  a  lower  one  of 
copper  and  the  fuperior  of  -zinc,  the  eleCfric  ftate  of  the 
former  will  be  reprefented  by  — -  and  that  of  the  fecond 
by  4- 

If  a  third  piece  be  added,  which  muft  be  of  copper,  to 
produce  a  difplacement  of  the  fluid,  the  lower  piece  of  zinc 
muft  be  feparated  by  a  piece  of  moift  pafteboard ;  it  muft: 
then  acquire  the  fame  eleCfric  ftate  as  the  latter;  at  leaft,  it 
will  be  fo  if  we  negleCt  the  aCtion  proper  to  the  water,  which 
appears  very  fmall,  and  perhaps  alfo  the  very  weak  refiftance 

*  The  quantities  of  eledhicity  accumulated  in  a  body  beyond  its  rfatural 
ftate  are,  cateris  paribus,  proportional  to  the  repulfive  force  with  which  the 
molecule  of  the  fluid  tend  to  feparate  from  each  other,  or  to  repel  a  new 
molecula  which  one  may  attempt  to  add  to  them.  This  repullive  force, 
which  in  free  bodies  is  balanced  by  the  refiftance  of  the  air,  conftitutus 
what  we  call  the  tenjion  of  die  fluid  :  a  tenfion  which  is  not  proportioned 
to  the  divergency  of  the  ftrawg  in  Volta’s  eiedlrometer,  nor  to  that  of  the 
balls  in  Sauffure’s,  and  which  cannot  be  accurately  meaiured  by  means  of 
the  eiedtric  balance. 
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which  that  liquid,  as  an  imperfect  conductor  of  eleCtricity, 
can  oppofe  to  the  communication.  The  apparatus  being  in¬ 
flated,  the  excefs  of  the  upper  part  can  be  acquired  only  at 
the  expenfe  of  the  piece  of  copper  which  is  below :  the  re- 
fpeCtive  ftates  of  thefe  pieces  will  be  no  longer  the  fame  as  in 
the  preceding  experiment,  and  will  become. 

In  the  lower  piece,  which  is  of  copper,  —  ~ ;  in  the  fe- 
cond,  which  touches  it,  and  which  is  of  zinc,  —  y  +  1,  or  y. 

The  third,  which  is  of  copper,  and  which  is  feparated  from 
the  preceding  by  a  piece  of  moift  card,  will  have  the  fame 
quantity  of  electricity,  that  is  to  fay,  +  ~  •  and  the  fum  of 
the  quantities  of  electricity  loft  by  the  HrH  piece  and  acquired 
by  the  other  two,  will  be  Hill  equal  to  zero,  as  in  the  cafe 
of  the  two  pieces. 

If  we  add  a  fourth  piece,  which  will  be  of  zinc,  it  mull 
have  an  unit  more  than  that  of  the  copper  over  which  it  is 
immediately  placed :  as  this  excefs  can  be  acquired  only  at 
the  expenfe  of  the  inferior  pieces,  lince  the  pile  is  infulated, 
we  {hall  have : 

For  the  lower  piece,  which  is  of  copper,  — •  1  :  for  the  fe- 
cond  piece,  which  touches  it,  and  which  is  of  zinc,  o;  that 
is  to  fay,  it  will  be  in  its  natural  Hate; 

For  the  third  piece,  which  is  of  copper,  and  which  is  fe¬ 
parated  from  the  former  by  a  piece  of  moiH  card,  o ;  it  will 
be  alfo  in  its  natural  Hate; 

Laftly,  for  the  upper  piece,  which  is  of  zinc,  and  which 
is  in  contaCt  with  the  preceding,  — •  1. 

Purfuing  the  fame  reafoning,  the  eleCtric  Hate  of  each 
piece  of  the  pile  will  be  found  by  fuppofing  it  infulated,  and 
formed  of  any  number  of  elements ;  the  quantities  of  elec¬ 
tricity  will  increafe  for  each  of  them,  from  the  bafe  to  the 
fummit  of  the  column,  according  to  an  arithmetical  progref- 
Hon,  the  fum  of  which  will  be  equal  to  zero. 

For  the  greater  fimplicity,  if  we  fuppofe  that  the  number 
of  the  elements  is  even,  it  will  be  eafy  to  afcertain,  by  a  very 
fimple  calculation. 

That  the  lower  piece  which  is  of  copper,  and  the  upper 
piece  which  is  of  zinc,  muH  be  equally  eleCtrified,  one  more 
and  the  other  lefs ;  and  the  cafe  will  be  the  fame  in  regard  to 
the  pieces  taken  at  an  aqual  diHance  from  the  extremities  of 
the  pile. 

The  electricity,  before  it  pafles  from  pofitive  to  negative, 
will  become  null ;  and  there  will  always  be  two  pieces,  one 
of  zinc  and  the  other  of  copper,  which  will  be  in  the  natural 
Hate.  They  will  be  in  the  middle  of  the  pile  :  this  is  what 
has  been  feen  in  the  cafe  of  four  pieces,  for  example. 
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Let  us  now  fuppbfe  that  the  communication  is  eftablifhed 
between  the  lower  part  of  the  pile  and  the  common  refervoir: 
it  is  evident  that  in  this  cafe  the  lower  piece  of  copper,  which 
is  negatively  electrified,  will  tend  to  refume  from  the  ground 
what  it  has  loft;  but  its  eleCtric  ftate  cannot  be  changed 
without  that  of  the  upper  pieces  varying,  ftnce  the  eleCtric 
difference  of  the  one  from  the  other  muft  always  be  the  fame 
in  the  ftate  of  equilibrium.  It  is  neceffary,  then,  that  all  the 
negative  quantities  of  the  lower  half  of  the  pile  fhould  be 
neutralized  at  the  expenfe  of  the  common  refervoir;  and  then 
it  will  refult : 

That  the  lower  piece,  which  is  of  copper,  will  have  the 
fame  degree  of  electricity  as  the  ground,  which  fhall  be  re 
prefented  by  o ; 

The  fecond  piece,  which  is  of  zinc,  and  which  immedi¬ 
ately  touches  the  preceding, will  have  -f  1 ; 

The  third,  which  is  of  copper,  and  which  is  feparated  from 
the  lower  one  of  zinc  by  a  piece  of  moift  pafteboard,  will 
have,  like  it,  -f  1 ; 

The  fourth,  which  is  of  zinc,  and  which  touches  the  pre¬ 
ceding,  will  have  -f-  2  ; 

And  the  quantities  of  the  eleCtricity  of  the  different  ele¬ 
ments  will  increafe  in  this  manner  according  to  an  arithme¬ 
tical  progreffion. 

If  the  fummit  of  the  pile  be  then  touched  with  one  hand, 
and  its  bafe  with  the  other,  thefe  exceffes  of  electricity  will 
be  difcharged  through  the  orn-ans  into  the  common  refervoir; 
and  will  give  a  ftiock  the  more  fenfible,  as,  this  lofs  being 
repaired  at  the  expenfe  of  the  ground,  there  muft  thence 
refult  an  electric  current,  the  rapidity  of  which,  greater  in 
the  interior  of  the  pile  than  in  the  organs,  which  are  im¬ 
perfect:  conductors,  permits  the  interior  part  of  the  pile  to 
relume  a  degree  of  tendon  approaching  that  which  it  had  in 
the  ftate  of  equilibrium. 

The  communication  being  if  ill  eftablifhed  with  the  com- 
mon  refervoir,  if  the  fummit  of  thqpile  be  brought  into  con¬ 
tact  with  the  upper  plate  of  a  condenfer,  the  lower  one  of 
which  touches  the  ground,  the  eieCtricity,  which  at  that  ex¬ 
tremity  was  in  a  very  weak  degree  of  tenfion,  will  pals  into 
the  condenfer,  where  the  tenfion  may  be  confidered  as  null;- 
but  the  pile  being  infulated  only  at  the  expenfe  of  the  com¬ 
mon  refervoir,  the  new  quantities  of  electricity,  recovered 
by  the  upper  plate,  will  pafs  into  the  condenfer  like  the  pre¬ 
ceding,  and  will  be  there,  at  length,  accumulated  in  fuch 
a  manner,'  that,  by  feparating  the  e<  lieCting  plate,  very  fen- 
iible  eleCtrometric  figns,  and  even  fparks,  may  be  extracted. 

Vol.XI.  "  U  A  '  *  In 
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In  regard  to  the  limits  of  this  accumulation,  it  is  obvious 
that  it  depends  on  the  thicknefs  of  the  final  1  ft  rat  urn  of  gum 
which  feparates  the  two  plates  of  the  condenfer;  for,  as  in 
Confequence.  of  this  thicknefs  the  electricity  accumulated  in 
the  collecting  plate  cannot  aCt  but  at  a  diftance  on  that,  of 
the  lower  plate,  it  is  always  more  confiderable  than  that 
wh’ch  forms  an  equilibrium*  with  it  in  the  latter;  and  hence 
there  refults  in  the  collecting  plate  afmall  tenfion,  which  has 
here  for  its  limit  the  tenfion  exifting  in  the  upper  part  of  the 
pile. 

As  the  electricity  of  the  column  is  accumulated  in  the 
condenfer,  it  will  be  accumulated  in  like  manner  in  the  in¬ 
terior  of  a  Leyden  flafk,  the  exterior  of  which  communicates 
with  the  common  refervoir;  and  fince,  in  proportion  as  the 
pile  difcharges  itfelf,  it  is  recharged  at  the  expenfe  of  the 
fame  refervoir,  the  flafk  will  be  equally  charged  whatever  be 
its  capacity;  but  its  interior  tenfion  can  never  exceed  that 
which  takes  place  at  the  fummit  of  the  pile  :  if  the  bottle  be 
then  removed  it  will  give  a  (hock  correfponding  to  that  degree 
of  tenfion  ;  and  this  is  what  is  confirmed  by  experience. 

Such  muft  be  the  date  of  things,  neglecting,  as  very  finally 
the  aCtion  proper  to  the  water  on  the  metals;  fuppofing, 
iff,  That. the Tranimiffion  of  the  fluid  takes  place  from 
one  pair  to  the  other  in  the  infulated  pile  through  the  pieces 
of  m oift  paper  by  which  they  are  feparated,  even  when  there 
exifts  no  communication  between  the  two  extremities  of  the 
column  :  t 

gd,  That  the  excefs  of  electricity  which  the  zinc  takes 
from  the  copper  is  conftant  for  thefe  two  metals,  whether 
they  are  in  their  natural  (late  or  not. 

C.  Volta  fupports  the  fir'ft  propofition  by  an  experiment 
which- -we  have  already  mentioned,  and  in  which  the  con- 
denfer  is  charged  on  bringing  the  collecting  plate,  covered 
with  a  piece  of  moift  paper,  into  contaCt  with  the  copper 
extremity  of  a  metallic  plate,  the  other  or  zinc  extremity  of 
which  is  held  between  the  fingers. 

In  regard  to  the  fecond  nuppofition,  it  is  more  Ample  than 
might  be  imagined ;  but  a  feries  of  very  nice  experiments, 
which  we  had  not  opportunity  of  making,  would  be  iieeef- 
fary  to  ascertain  bow  far  it  is  agreeable  to  nature. 

Hitherto,  for  the  fake  of  precifion,  we  have  fuppofed  the 
pile  to  be  compofed  of  copper  and  zinc:  the  fame  theory, 
however,  is  applicable  to  any  two  metals  whatever;  and  the 
eneCiis  of  the  different  kinds  of  apparatus  which  they  will 
ferve  to  form,  will  depend  on  the  differences  of  the  electricity 

which 
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which  would  be  eftablifhed  between  them  at  the  moment  of 
contact. 

What  we  have  faid  extends  alfo  to  all  other  bodies  between 
which  there  may  exift  an  analogous  adlion  :  thus,,  though 
this  adfion  may  appear  in  general  very  weak  between  liquid 
and  metallic  fubftances,  there  are  however  fome,  fuch  as  the 
alkal  ine  fulphurets,  the  adtion  of  which  with  the  metals  be- 
cornes  very  fenfible  :  the  Engl ifh  chemifts,  therefore,  have 
been  able  to  fupply  by  thefe  fulphurets  one  of  the  metallic 
elements  of  the  pile;  and  before  them  profeffor  Pfaff,  of 
Kiel,  employed  them  for  this  purpofe  in  his  experiments. 

In  this  refpedt,  C.  Volta  has  difcovered  between  the  me¬ 
tallic  fubftances  a  very  remarkable  relation,  which  renders  it 
impoffible  to  con  ft  met  a  pile  with  thefe  fubftances  a' one.  We 
ftiall  here  explain  them  according  to  his  account,  but  we 
have  had  no  opportunity  of  confirming  them. 

If  the  metals  be  arranged  in  the  following  order- — filver, 
copper,  iron,  tin,  lead,  zinc,— each  of  them  will  become  po~ 
fitive  by  the  eontadf  of  that  which  precedes  it,  and  negative 
with  that  which  follows  it :  the  electricity  will  pafs  then  from 
the  fil  ver  to  the  copper,  from  the  copper  to  the  iron,  from 

the  iron  to  the  tin  i  and  fo  on. 

/ 

Now  the  property  in  queftion  confifts  in  this,  that  the 
moving  force  of  the  filver  to  the  zinc  is  eqyal  to  the  moving 
forces  of  the  metals  comprehended  between  them  in  the  fe- 
ries  :  hence  it  follows  that,  by  placing  them  in  contadl  in  this 
order,  or  in  any  other  at  pleaiure,  the  extreme  metals  will  be 
always  in  the  fame  ftate  as  if  they  immediately  touched  each 
other;  and  confequently,  fuppofing  any  number  of  elements 
whatever  thus  difpofed,  and  of  which  the  extremities  are  for 
example  filver  and  zinc,  we  {hall  have  the  fame  refult  as  if 
thefe  elements  were  formed  of  thefe  two  metals ;  that  is  to 
fay,  there  will  be  no  effedt,  or  it  will  be  that  which  would 
have  been  produced  by  one  element. 

It  has  hitherto  appeared  that  the  preceding  property  ex¬ 
tends  to  all  folid  bodies,  but  it  does  not  fubfift  between  them 
and  the  liquids:  hence  it  happens  that  a  pile  may  be  con- 
Itrudled  by  the  medium  of  the  latter.  From  this  refults  the 
divifion  which  Volta  makes  of  conductors  into  two  claftes ; 
the  firft  comprehending  folid  bodies,  and  the  fecond  liquids.. 

It  has  not  yet  been  poffible  to  conftrudt  a  pile  but  by  a 
proper  mixture  of  thefe  two  claftes  :  it  cannot  be  done  with 
the  firft  alone,  and  we  are  not  yet  fufficiently  acquainted 
with  the  mutual  adfion  of  the  bodies  which  compofe  the  fe¬ 
cond,  to  determine  whether  the  cafe  is  the  fame  in  regard  to 
them. 

We 
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We  have  fuppofed  that  the  moift  pafleboards  placed  between 
the  elements  of  the  pile  are  moillened  with  pure  water.  If 
in  he  ad  of  water  a  faline  folution  be  employed,  the  fhock  will 
become  incomparably  ftronger  j  but  the  tenflon  indicated  bv 
the  electrometer  does  not  appear  to  increafe  in  the  fame 
ratio.  C.  Volta  has  proved  to  us  this  faCt  by  the  help  of  his 
apparatus  formed  of  cups,  by  pouring  fucceffively  into  them 
pure  water  and  acidulous  water. 

He  concludes  from  this  experiment  that  acids  and  faline 
folutions  favour  the  aCtion  of  the  pile,  chiefly  becaufe  they 
increafe  the  conducting  property  of  the  water  with  which 
the  pafteboard  is  moiftened.  In  regard  to  the  oxidation,  he 
considers  it  as  an  efFeCt  which  eftablifhes  a  more  intimate 
connection  between  the  elements  of  the  pile,  and  thus  con¬ 
tributes  to  render  its  aCtion  more  energetic. 

Such  nearly  is  the  fubftance  of  the  theory  of  C.  Volta  re- 
fpeCting  that  eleCtricity  called  galvanic .  His  objeCt  has  been 
to  reduce  all  the  phenomena  of  it  to  one,  the  exiftence  of 
which  is  now  fully  confirmed  ;  it  is  the  development  of  me¬ 
tallic  eleCtricity  by  the  mutual  contaCt  of  metals.  It  feems 
to  be  proved  by  thefe  experiments,  that  the  peculiar  fluid  to 
which  mufcular  contractions  and  the  phenomena  of  the  pile 
were  for  fome  time  afcribed,  is  nothing  elfe  than  the  common 
elcCtric  fluid  put  in  motion  by  a  caul’e  refpeCting  the  nature 
of  which  we  are  ignorant,  though  we  fee  its  effeCts. 

Such  is  the  fate  of  the  fciences,  that  the  molt  brilliant  dis¬ 
coveries  only  open  a  more  extenlive  field  for  new  refearches. 
After  having  afcertained  and  eftimated,  as  we  may  fay,  by 
approximation  the  mutual  aCtion  of  the  metallic  elements, 
it  remains  to  determine  it  in  a  rigorous  manner,  to  difcover 
whether  it  is  conflant  for  the  fame  metals,  or  whether  it 
varies  with  the  quantities  of  eleCtricity  they  contain,  and  with 
their  temperature.  We  muff  afcertain  with  the  fame  pre- 
cifion  the  peculiar  aCtion  which  the  liquids  exercife  on  each 
other  and  on  the  metals.  It  will  be  then  that  we  can  efta- 
blifli  our  calculation  on  exaCt  data;  that  we  can  difcover  the 
real  law  followed  by  the  diftribution  and  motion  of  the  elec¬ 
tricity  in  Volta’s  apparatus,  and  complete  the  explanation 
of  all  the  phenomena  it  exhibits.  But  thefe  nice  refearches 
require  inflruments  more  corrcCt  than  any  yet  invented  by 
philofophers  to  meafure  the  force  of  the  eledric  matter. 

In  a  word,  it  remains  to  examine  the  chemical  effects  of 
the  current  of  eleCtricity,  its  aCtion  on  the  animal  economy, 
and  its  relation  with  the  eleCtricity  of  minerals  and  fiflies; 
refearches  which,  from  the  faCts  already  known,  cannot  fail 
to  be  ol  very  great  importance. 
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When  a  fcience,  already  far  advanced,  has  made  an  im¬ 
portant  llep,  new  connexions  are  formed  between  the  branches 
of  which  it  is  compofed  :  we  are  always  fond  of  looking  back¬ 
wards  to  meafnre  the  field  it  has  palled  over,  and  to  fee  how 
the  human  mind  has  advanced  in  it.  If  we  thus  ro  back  to 
the  birth  of  electricity,  we  lhall  find  it,  at  the  commence¬ 
ment  of  the  laft  century,  confined  merely  to  the  phaenomena 
of  attraction  and  repuluon  alone.  Dufay  firft  afcertained  the 
conftant  laws,  to  which  they  are  fubjeCted,  and  explained  their 
apparent  fingularities.  His  difcovery  of  two  kinds  of  elec¬ 
tricity,  refinous  and  vitreous,  laid  a  foundation  for  the  balls 
of  the  feience ,  and  Franklin,  by  prefenting  it  under  a  new 
point  of  view,  made  it  the  foundation  of  his  theory,  to  which 
all  the  phenomena,  even  that  of  the  Leyden  llafk,  were  na¬ 
turally  referred.  dEpinus  completed  the  proofs  of  this  theory, 
brought  it  to  perfection  by  applying  to  it  calculation,  and  by 
the  help  of  analyfis  attained  to  thofe  phaenomena  which 
C.  Volta  has  fo  happily  employed  in  the  condenfer  and  elec- 
trophorus.  The  rigorous  law  of  eleCIric  attraction  and  re- 
pulfion,  hill  wanting,  was  eftablifhed  by  exaCt  experiments, 
and,  connecting  itfelf  with  that  of  magnetifm,  was  found  to 
be  the  fame  in  regard  to  celeltial  attractions.  It  is  well 
known  that  C.  Coulomb  is  the  author  of  this  difcovery. 

At  length  appeared  the  galvanic  phaenomena,  fo  lingular 
in  their  progrefs  and  fo  different  in  appearance  from  every 
thing  known  before.  At  firft,  a  peculiar  fluid  was  cre¬ 
ated  to  explain  them  ;  but  C.  Volta,  by  a  feries  of  ingenious 
experiments  conducted  with  fagacity,  propofes  to  refer  to 
one  caufe  the  development  of  metallic  eleCtricity  ;  to  employ 
them  for  the  conftruCtion  of  an  apparatus  which  will  allow 
their  force  to  be  augmented  at  pleafure ;  and  connects  them, 
by  his  refults,  with  important  phaenomena  of  chemiftry  and 
the  animal  economy. 

In  confequence  of  a  requeft  made  by  one  of  your  mem¬ 
bers,  and  which  you  referred  to  a  cornmiffion,  we  propofe 
that  the  gold  medal  of  the  Inftitute  be  awarded  to  C.  Volta, 
as  a  teftimony  of  the  fatisfaCtion  of  the  clafs  for  the  noble 
difcoveries  with  which  he  has  enriched  the  theory  of  elec¬ 
tricity,  and  as  a  mark  of  its  gratitude  for  having  communi¬ 
cated  them  to  it. 
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LL  Thoughts  on  the  fuppofed  Variations  in  the  Axis  and  Poles 
of  the  'Earth.  By  Profejfor  Bode,  of  Berlin  *. 

It  is  highly  worthy  of  remark,  that,  ttotwithftanding  the 
harmony  which  prevails  in  the  courfe  of  the  planets  round 
the  fun,  and  in  their  rotation,  as  well  as  iti  regard  to  the 
parallelifm  of  their  axes,  great  variations  are  found  in  the  in¬ 
clination  and  pofition  of  the  latter,  and  in  the  periods  of  the 
rotation  of  thefe  bodies. 

This  depends  on, the  different  influence  which  the  fun  has 
on  a  planet  during  its  rotation,  or  the  variation  ot  its  aftro- 
nomical  feafons,  and  on  the  inclination  of  its  axis  in  regard 
to  its  orbit  ;  for  the  fun,  in  his  courfe  from  the  one  tropic  to 
the  other,  pafies  over,  an  arch  equal  to  twice  the  complement 
of  this  inclination;  and  therefore  the  leis  the  inclination,  he 
muff  advance  nearer  to  the  poles,  and  employ  much  lefs  time 
in  proceeding  from  the  equator  towards  either  tropic. 

Now,  as  it  is  known  from  ohfervations  that  there  are 
fome  planets  the  axes  of  which  have  a  much  (Treater  or  much 
lefs  inclination  than  that  of  our  earth,  the'great  Variations 
which  muff  naturally  thence  refill t  in  regard  to  the  beneficent 
influence  of  the  fun’s  light  and  heat,  will  'give  a  quite  different 
nature  to  their  fields,  productions,  and  inhabitants. 

The  inclination  of  the  axis  of  our  earth,  which  is  66-  de¬ 
grees,  feems  to  be  well  adapted  for  promoting  its  fertility  and 
rendering  it  habitable,  as  the  fun  employs'  fix  months  in 
moving  from  the  equator  towards  either  pole,  and  again  re¬ 
turning ;  by  which  means  the  effedfc  of  his  rays  in  producing 
that  heat  and  light  fo  indifpenfahly  neceflfary  to  the  animal^ 
vegetable,  and  mineral  kingdom,  increaies  and  decreafes  in  a 
much  flower  and  gradual  manner.  7  he  two  temperate  zones 
occupy  the  greater  part  of  the  earth’s  furface,  and  thefe  re¬ 
main  habitable  as  far  as  pYdiible  towards  either  pole. 

The  direction  and  inclination  of  the  axes  of  the  different 
planets  aie  as  little  proportioned  to  their  different  diflances 
from  the  fun,  as  their  periods  of  rotation,  fize,  identity,  mafs, 
and  fphericity  ;  as  is  well  known  by  observations  which,  have 
been  made.  Now,  as  there  mu  ft'  be  Sufficient  grounds  for 
this  arrangement,  it  may  be  afcribed,  in  my  opinion,  to  the 
matters  of  different  Specific  gravity  of  which  the  earth  and  the 
other  planets  are  compofed,  and  to  their  mixture;  in-confe- 
quence  of  which,  immediately  after  their  formation,  their 

„  *  .  From  Gefellfchaft  Nat urfor/c bender  Frew.de  xu  Beilin  Neue 
hcbrijten,  vol.  ji.  1799. 
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bemifpheres  on  each  fide  of  their  orbit,  which  always  divides 
the  body  in  the  middle,  were  put  in  perfedt  equilibrium. 

Our  earth  as  well  as  every  other  planet  is  carried  round  the 
fun  by  the  radius  vedlor,  (the  ftraight  line  drawn  from  the 
planet  to  the  fun,)  as  the  centripetal  forces  continually  a£t 
according  to  that  line,  or  in  a  perpendicular  direction.  But 
this  line  of  attraction,  during,  the  revolution  of  the  earth,  on. 
account  of  the  continual  parallelifm  of  its  axis,  forms  with 
the  latter  very  different  angles;  and  yet  the  duration  and  pe¬ 
riod  of  the  rotation  remain  unaltered.  This  great  difference 
in  the  angles  has  therefore  no  influence  whatever  in  this  re- 
fpedl ;  and  it  appears  that  there  exifts  fome  other  great  power 
capable  of  preferring  the  direction  and  inclination  of  the  axis 
unchanged,  and.  which,  in  my  opinion,  may  be  afcribed  alio 
to  the  fun. 

Our  earth  during  its  annual'  courfe,  revolving  from  weft  to 
eaft,  turns  in  fuccdflon  every  part  of  its  furface  to  the  fun, 
and  at  the  fame  time  revolves  from  eaft  to  weft  on  a  line 
pafling  through  its  centre1  perpendicular  to  the  plane  of  its 
orbit ;  or  paffing  through  the  poles  of  the  ecliptic,  as  a  fecond 
axis,  for  the  purpofe  of  conftantly  maintaining  the  parallelifm 
of  its  proper  axis  of  rotation.  Now,  i I  it  can  be  admitted 
that  the  fun. produces  this  revolution  of  the  earth  in  the  plane 
of  the  ecliptic  correfponding  with  the  arch  of  its  orbit,  this, 
in  my  opinion,  is  a  more  natural  explanation  of  the  paral¬ 
lelifm  of  the  earth’s  axis  than  when  it  is  confidered  merely 
as  the  confequertce  of  a  certain  eftablilhed  pofition  of  it  inca¬ 
pable  of  alteration  ;  as  this  principle  is  applicable  only,  to  the 
action  of  mechanical  powers  on  bodies  that  move  and  revolve 
in  a  ftraight  line  ;  whereas  the  fun  is  continually  drawing 
our  earth  from  the  ftraight  line,  and  carrying  it  around  it  in 
a  cruciform  manner. 

According  to  this  theory,  we  may  eafily  conceive  how  it  is 
poffihle  that  a  planet  the  axis  of  which,  by  the  equilibrium  of 
its  heterogeneous  parts  eftabhftied  at  its  creation,  is  put  into 
a  certain  direction,  fubjedfed  to  certain  laws,  may,  by  the 
powerful  influence  of  the  fun,  be  made  to  deviate  from  it  fo 
that  its  axis  fhall  a  flume  another  pofition  and  inclination,  or,, 
in  other  words,  change  its  poles. 

Our  earth,  in  consequence  of  flow  or  hidden  variations  of 
the  laft  kind,  would  produce  in  the  heavens  the  following 
phenomena : 

iff,  If  the  inclination  of  the  earth’s  axis  fhould  change, 
the  zodiac  would  be  (till  the  fame,  but  the  obliquity  of  the 
ecliptic  would  be  greater  or  lei's ;  the  equator  would  pafs 
through  other  liars;  and,  in  this  cafe,  all  countries  lying 
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under  the  fame  parallels  of  latitude  would  experience  a  like 
change  in  regard  to  the  duration  of  the  feafons. 

ad,  If  the  axis  of  the  earth,  without  changing  its  inclina¬ 
tion,  fhould  acquire  a  new  direction  towards  fome  other 
quarter  of  the  heavens,  the  two  points  t  and  =*r,  where  the 
ecliptic  interfeCts  the  equator,  and  all  the  other  circles  con¬ 
nected  with  it,  would  pafs  through  other  points  of  the  ecliptic. 
This  would  make  no  change  in  the  duration  of  the  feafons, 
or  the  hate  of  the  fun  at  noon. 

3d,  If  the  inclination  as  well  as  pofition  of  the  axis  fhould 
be  changed,  a  refull  compounded  of  both  the  above  cafes 
would  take  place. 

4th,  But  if  the  earth  fhould  be  carried  around  the  fun  in 
another  plane,  the  refult  would  be  a  new  apparent  courfe  of 
the  fun.  The  feafons  would  remain  the  fame,  or  acquire 
fome  change  in  th'eir  duration,  according  as  the  axis  fhould 
be  inclined  as  at  prefent,  or  in  a  different  manner  towards 
the  new  orbit,  and  all  the  countries  of  the  earth  would  par¬ 
ticipate  in  this  change.  Thefe  four  cafes,  however,  have  no 
Influence  on  the  elevation  of  the  pole  of  any  place. 

5th,  On  the  other  hand,  fhould  the  poles  of  the  earth 
change  their  place,  the  obliquity  of  the  ecliptic  would  alio 
be  changed,  the  equator  would  pafs  through  other  countries, 
and  the  elevation  of  the  pole  of  thefe  countries  would  be 
changed.  This  change  of  the  pole,  however,  can  take  place 
only  in  the  direction  of  fome  meridian;  and  confequentlv 
from  north  to  fouth,  and  from  fouth  to  north.  By  thefe 
means  one  half  of  the  equator  would  be  carried  over  northern 
and  the  other  over  fouthern  countries;  and  therefore  all  coun¬ 
tries  would  not  equally  participate  in  the  changes  thence  oc- 
cafioned  in  the  duration  of  the  feafons;  at  leaff,  all  countries 
lying  under  the  fame  fouthern  or  northern  zones  could  not 
come  together  into  the  torrid  zone,  or  into  an  uniform 
iituation. 

If  the  alteration  of  the  pole  fhould  take  place  in  the  direc¬ 
tion  of  the  meridian  that  pafles  through  the  folftices,  neither 
the  ecliptic  nor  the  different  quarters  of  the  earth  would  ex¬ 
perience  any  change;  the  obliquity  of  the  former  only  would 
be  altered  as  well  as  the  pofition  of  the  equator  in  proportion 
to  the  above  alteration.  Should  the  alteration  of  the  pole  take 
place  in  the  direction  of  any  other  meridian,  a  change  would 
be  produced  in  the  different  quarters  of  the  globe,  the  obli¬ 
quity  of  the  terreflrial  equator,  and  the  figns  of  the  eclip¬ 
tic.  In  the  laft  place,  fnould  the  pole  move  along  the  me¬ 
ridians  palling  through  either  of  the  equinoctial  points,  the 
above  phaenomena  would  take  place,  and  the  points  of  the 
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ecliptic,  o°  t  and  =^,  would  be  transferred  to  23  and  yy,  and 
north  and  fouth  to  eaft  and  weft. 

A  queftion  now  arifes,  whether  any  traces  exift  on  the 
furface  of  our  globe  which  feern  to  (how  that  the  inclination 
ot  the  earth’s  axis  has  ever  changed  either  hidden Jy  or  pro- 
greffively,  or  whether  the  pole  has  altered  its  place?  On  the 
iirft  view,  it  would  appear  that  this  queftion  ought  to  be  an- 
fwered  in  the  affirmative. 

Many  natural ifts  and  geologifts,  in  order  that  they  might 
more  eafily  explain  the  general  deluge,  and  why  marine  pro¬ 
ductions  are  often  found  at  a  conftderable  depth  under  the 
earth’s  furface,  or  on  the  tops  of  high  mountains;  how  the 
remains  of  auftral  plants,  and  of  terreftrial  and  aquatic  ani¬ 
mals,  could  have  been  conveyed  to  the  northern  regions,  and 
buried  there  in  the  bofom  of  the  earth ;  how  the  different 
ftrata  ot  mountains  have  been  formed,  and  other  pheno¬ 
mena  of  the  like  kind,  have  been  able,  as  is  well  known,  to 
contrive  no  better  hypothefis  than  to  fuppofe  that  fome  de¬ 
rangement  of  the  poles  of  the  earth,  or  changes  in  the  in¬ 
clination  of  its  axis,  mult  have  taken  place  in  former  times. 

But,  in  my  opinion,  the  determination  of  this  queftion 
belongs  rather  to  aftronomers  than  to  geologifts,  becaufe  by 
the  former  it  may  be  confidered  under  a  more  general  point 
of  view,  viz.  what  connection  exifts  between  the  pofition  of 
the  earth’s  axis  and  the  fun,  and  the  attractive  power  in  the 
folar  fyftem ;  and  what  obfervations  have  been  made  in  re¬ 
gard  to  the  pofition  and  direction  of  their  axes,  from  which, 
by  analogical  reafoning,  we  may  explain  the  relation  between 
caufes  and  effeCts  when  fuch  changes  take  place. 

.  The  ableft  aftronomers  and  geometricians  have  fhown  that 
the  fmall  annual  reeeffion  of  the  equinoctial  points  to  the 
weft,  of  about  51  feconds,  and  the  revolution  of  the  earth’s 
axis  around  the  poles  of  the  ecliptic,  which  thence  follows  in 
the  courfe  of  25,700  years,  arife  from  the  united  aCtion  of 
the  attraClive  power  of  the  fun  and  moon  on  the  fpheroidal 
form  of  the  earth.  As  long,  therefore,  as  this  attraction  of 
the  fun  and  moon  aCts  in  an  uniform  manner,  it  feems  to  be 
impoffible  that  any  continued  or  very  perceptible  changes  in 
regard  to  the  earth’s  axis  can  take  place. 

It  is,  however,  found  by  obfervations,  that  in  the  courfe  of 
many  centuries  an  alteration,  though  very  fmall,  has  taken 
place  in  the  inclination  of  the  earth’s  axis.  At  prefent  it  is 
23  minutes  greater  than  it  was  in  the  time  of  Hipparchus, 
that  is,  above  2000  years  ago. 

In  confequence  of  this  obfervation  it  has  been  apprehended 
that  the  ecliptic  may,  at  feme  future  period,  coincide  with 
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the  equator;  the  fun,  of  con  rfc,  be  continually  in  the  equa¬ 
tor;  and  the  axis  of  the  earth  acquire  a  perpendicular  direc¬ 
tion;,  by  which  means  the  cold  of  the  polar  regions  and  in 
the  temperate  zones  will  become  greater,  and  consequently, 
the  fitnefs  of  the  earth  for  being  inhabited,  as  well  as  its  cul¬ 
ture  and' fertility,  mult  decreafe. 

But  La  Grange  and  La  Place  have  freed  us,  from  any  un- 
eafinefs  on  this  head,  as  they  have  proved,  by  ingenious  cal¬ 
culations  and  conclufions;  that  this  fmall  change  in  the  in- 
clination  of  the  earth’s  axis  is  an  effect  of  the  mutual  attrac¬ 
tion  of  the  planets  on  the  orbit  of  our  earth  ;  that  fince  the 
time  of  Hipparchus  it  has  contributed  in  an  uniform  manner 
to  the  decreafe  of  the  obliquity  of  the  ecliptic,  or  the  increafe 
of  the  above  inclination;  that  it  does  not  always  continue; 
But  that,  properly,  the  above  fuppofed  axis  of  the  earth’s  ro¬ 
tation  perpendicular  to  the  ecliptic,  in  confequence  of  this 
adtion  of  the  planets,  moves  in  very  long  periods  around  the 
poles  of  the  orbit  of  the  earth  which  lie  in  the  neighbourhood 
of  the  poles  of  the  ecliptic. 

According  to  tbefe  obfervations,  the  variation  in  the  obli- 
quity  of  the  ecliptic  is  merely  a  nutation  of  the  earth’s  axis, 
which,  lince  the  time  of  Hipparchus,  has  occafioned  a  very 
fmall  decreafe  in  it,  but  will  afterwards  become  ftationary, 
and  then  produce  an  increafe. 

Schubert,  of  Peterlburgh,  has  found,  by  La  Grange’s  for¬ 
mula,  that  the  obliquity  of  the  ecliptic  in  the  period  of  65,000 
years  always  remains  between  20°  ^  and  27°  45b  At  pre¬ 
sent  it  is  about  43  minutes  lei’s  than  the  mean  of  the  above 
two  quantities,  and  will  fill  decreafe,  for  4900  years,  to  22° 
53H  after  which  it  will  again  increafe. 

Hence  may  be  deduced  very  important  confeq\iences  in 
regard  to  the  durable  fate  of  our  earth,  on  which  c  Plant  bo¬ 
dies,  in  the  courfe  of  its  annual  revolution,  cxercife  an  adfion; 
but  tbefe  bodies,  on  account  of  their  fit  nation  and  great  di- 
ftance,  are  able  to  produce  only  very  fmall  and  periodical  nu¬ 
tations,  by  which  the  maintenance  of  the  Whole  is  promoted, 
and  the  earth  preferred  from  great  and  difaflrous  changes. 
As  long  as  the  prefent  conititution  of  the  folar  fyftem  remains 
the  fame,  tbefe  fmall  and  harmlefs  periodical  nutations  will 
take  place. 

But  if  the  earth’s  axis  and  .its  poles  are  fccured  by  fuch 
powerful  bonds  from  all  hidden  or  progretlive  changes,  thofe 
apparent  changes  and  revolutions  which  we  obferve  at  and 
under  the  iurface  of  our  earth  muft  be  referred  to  other 
eaufes  than  a  change  in  the  earth’s  axis,  or  difplacement  of 
its  poles;  and  this  will  be  Hill  more  evident  when  it  is  con- 
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ficlered  how  trifling  fuch  changes  are  in  regard  to  the  whole 
earth,  and  whether  its  centre  of  gravity  could  by  thele  means 
fuffer  any  alteration. 

A  curforv  view  of  geology  will  fhow  how  little  we  know  of 
the  interior  parts  of  the  earth,  and  how  final!  a  portion  of  it 
is  fubjeht  to  our  dominion  and  refearch.  Of  the  21,051,033 
fquare  leagues,  which  is  the  extent  of  the  earth’s  fur  hue,  the 
lands  that  rile  above  the  ocean  comprehend  only  about  one- 
third,  or  feven  millions.  Now  if  we  fuppofe,  which  perhaps 
ought  to  be  taken  into  account,  that  the  height  of  the  land 
above  the  ocean  is  6000  feet,  or  i~  mile,  (though  few  lands 
are  lo  high;)  and  that  the  depth  of  the  ocean  is  the  fame; 
this  in  a  globe  of  one  inch  diameter  would  fcarcely  amount 
to  the  fiftieth  part  of  a  line,  or  the  fifth  part  of  a  moderate 
fized  grain  of  (and;  and  this  whole  external  cruft,  of  6000 
feet  in  thicknefs,  contains  only  the  1100th  part  of  the  whole 
number  of  cubic  miles,  which  form  the  folid  content  of  the 
earth. 

Now  all  tbofe  traces  of  revolutions  in  the  earth  which 
geologifts  have  been  able  to  obferve,  have  been  found  either 
in  the  above-mentioned  cruft,  into  which  no  one  has  ever 
penetrated  above  a  fourth  part  of  that  depth,  (for  the  greateft 
depth  to  which  mines  have  been  dug  is  not  more  than  i  too 
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feet ; )  or  m  the  bowels  or  at  the  top  of  moderate  fized  moun¬ 
tains  the  height  of  which  on  a  globe  a  foot  in  diameter 

O  O 

wou  1  not  amount  to  a  grain  of  fand. 

,  Can  it  be  fuppofed  that  revolution's  have  taken  place  in 
this  thin  cruft  of  the  earth  capable  of  altering  its  centre  of 
gravity,  and  at  the  fame  time  the  place  of  its  poles  and  its 
axis,  o  much  as  fome  have  fuppofed,  in  order  to  account  for 
various  phenomena,  fuch  as  that  of  the  bones  of  the  ele¬ 
phant,  See.  being  dug  up  in  Germany,  and  even  in  Siberia  ; 
or  if,  by  fome  violent  aftfion  of  the  powers  of  nature  in  the 
univerfe,  mountains  have  been  feveral  times  overturned,  and 
lea  and  land  changed  their  fituation;  would  thefe  cataftrophes, 
which  muft  have  occafioned  great  devaluation  among  the 
human  race  at  the  periods  when  thev  took  place,  have  been 
able  in  any  manner  to  change  the  pofitioh  of  the  earth’s  axis 
and  of  its  poles  ?  Bv  no  means:  they  muft  have  been  of  much 
lefts  confequence,  in  that  reftpeift,  than  the  devaluation  which 
an  iiftedt  would  occafion  in  a  globe  a  foot  in  diameter  by 
gnawing  the  paper  with  which  it  is  covered  :  and  who  will 
afiert  that  the  centre  of  gravity  of  fuch  a  globe  would  by 
thele  means  be  deranged  ? 

A  change  in  the  pofition  of  the  earth’s  axis,  or  of  its  poles, 
can  be  fuppofed  to  take  place  only  when  the  whole  mafs  of 
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which  it  con  fills  is  entirely  inverted,  and  its  homogeneous  and 
heterogeneous  parts  mixed  together  in  confudon.  But  in 
this  cafe,  the  exterior  cruft  of  the  earth  which  we  inhabit 
would  be  wholly  transformed ;  mountains,  countries,  and 
feas,  would  change  their  places,  and  be  conveyed  to  the 
height  or  depth  of  a  hundred  miles  perhaps,  and  more :  and 
how  is  it  poffible  that  man,  who  can  penetrate  only  to  a  very 
fmali  depth  in  the  earth,  fhould  be  able  to  obferve  fuch  re¬ 
mains  of  the  old  world  ? 

Befides,  the  globe,  which  is  of  a  fpheroidal  form,  revolves 
round  its  lefs  diameter,  which  is  five  miles  fhorter.  Now,  if 
the  angle  of  the  inclination  of  this  axis  fhould  be  fuddenly 
or  gradually  changed,  its  rotary  motion  would  not  be  de¬ 
ranged,  but  the  obliquity  of  the  ecliptic  would  be  expofed  to 
changes,  of  which,  according  to  obfervations  made  at  all  pe¬ 
riods,  no  traces  have  been  found.  But  if  the  poles  of  the 
earth  fhould  leave  their  place,  a  new  axis  would  be  produced, 
the  direction  of  its  diurnal  rotation  would  form  another  equa¬ 
tor,  and  the  fpherical  form  would  be  changed.  But  the 
immenfe  centrifugal  force  wrould  be  continually  producing 
the  moll  dreadful  revolutions  in  the  land  and  fea,  and  the 
remains  of  the  antient  population  would  be  buried  fo  deep 
in  the  earth  as  to  efcape  the  refearches  of  fucceedmg  gene¬ 
rations. 

The  poles  of  our  earth,  at  prefent,  feem  to  occupy  the  mod 
commodious  pofitions ;  for  as,  on  account  of  the  cold,  they 
are  uninhabitable  to  beings  of  our  fpecies,  whatever  be  the 
inclination  of  the  earth’s  axis,  the  ocean  has  been  affigned 
them  as  their  place,  and  all  the  lands  of  the  earth  are  fituated 
around  them,  that,  during  the  daily  rotation  and  annual  re¬ 
volution  of  the  earth  round  the  fun,  its  furface  may  as  much 
as  poffible  be  expofed  to  the  beneficent  effects  of  that  lumi¬ 
nary  in  his  eourfe  from  the  equator  towards  the  poles.  If 
we  fhould  transfer  the  north  pole,  for  example,  to  the  middle 
of  Afia,  the  fouth  pole  would  fall  in  South  America,  and  an 
immenfe  trad  of  cultivated  land,  on  account  of  the  cold, 
would  be  converted  into  uninhabitable  deferts.  It  is,  how¬ 
ever,  highly  probable,  that  the  prefent  poles,  fince  the  forma¬ 
tion  of  the  earth,  as  we  are  at  prefent  acquainted  with  its 
furface,  confiding  of  fea  and  land,  have  always  had  the  fame 
inclination. 

As  tar  as  certain  adronomical  obfervations  go  back,  and 
the  antiquity  of  thefe  amounts  to  4450  years,  when  a  Chinefe 
aflronomer  obferved  (exadtly  according  to  the  preceflion  of 
the  equinoxes)  the  ftar  a  in  the  northern  Dragon  in  the 
neighbourhood  of  the  north  pole,  no  phenomena  "have  taken 
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place  in  the  heavens  which  give  reafon  to  fuppoie  any  coti- 
fiderable  variation  in  the  inclination  of  the  earth’s  axis,  or  in 
the  place  of  the  poles,  '  What  Herodotus  therefore  fays, 
refpedtmg  the  legends  of  the  Egyptian  priefts,  is  mere  fables; 
for  if  the  fun,  in  the  courfe  of  11000  years,  actually  changed 
the  place  of  his  riling  and  fetting  three  times,  fo  often  muft: 
the  place  of  the  poles,  and  confequentlv  the  climate  of  Egypt, 
have  been  changed.  But  fuppoting  this  to  have  been  the 
cafe,  how  could  the  inhabitants  of  fo  level  a  country  preferve 
themfelves  from  utter  de  fir  net  ion  during  the  repeated  trans¬ 
formation  of  land  into  water,  which  muft  have  been  the 
confequence  of  thefe  changes  ?  By  a  mere  increafe  or  decreafe 
in  the  prefent  inclination  of  the  earth’s  axis,  which  is  66 
Germany,  for  example,  could  never  be  transferred  into  what 
is  called  the  torrid  zone.  In  the  firft  cafe,  if  the  inclination 
fihould  be  changed  to  90°,  the  fun  in  fummer  would  be  re¬ 
moved  about  23  further  towards  the  fouth  from  that  coun¬ 
try.  In  the  fecond  cafe,  if  the  inclination  fhould  decreafe 
10  30°,  the  fun  would  go  to  the  diftance  of  60 0  from  the 
equator,  and  in  fummer  pal’s  twice  over  Germany  in  a  per¬ 
pendicular  direction  ;  but  in  winter  he  would  be  inviftble  for 
a  month,  and  the  cold  there  would  be  much  more  intenfe 
•  than  at  prefent.  On  this  account,  neither  the  auftral  plants 
nor  elephants  could  ever  thrive  in  fuch  a  climate. 

If  Germany  was  ever  fituated  in  the  torrid  zone,  or  near 
the  equator,  the  north  pole  muft  have  been  fituated  in  the 
Pacific  ocean  between  Afia  and  America,  and  the  fouth  pole 
at  the  fouthern  extremity  of  Africa,  more  than  3000  miles 
from  the  places  which  they  occupy  at  prefent.  The  north- 
eaft  part  of  Afta  muft  in  that  cafe  have  been  nearer  the  north 
pole  than  at  prefent,  and  Siberia  in  the  temperate  zone. 

But  as  the  bones  of  the  elephant  have  been  found  under 
the  earth  in  the  northern  parts  of  Siberia  as  well  as  in  Ger¬ 
many,  both  countries  muft  have  been  fituated  in  the  torrid 
zone:  but,  in  this  cafe,  the  north  pole  muft  have  been  fitu¬ 
ated  in  California,  and  the  fouth  pole  in  Madagafcar,  above 
4000  miles  from  their  prefent  place.  If  the  poles  were  ever 
in  that  fituation,  it  may  be  afked,  If  elephants  exified  then 
in  Siberia  and  Germany,  where  were  the  forefathers  of  thofe 
which  now  exift  in  the  Baft  Indies  and  Africa  ?  as  thefe 
countries  at  that  period  muft  have  been  in  the  middle  of  the 
fouth  temperate  zone,  or  partly  in  the  frigid  zone. 

Thus  there  are  manifeft  contradictions  in  fo  readily  fup- 
pofing  a  difplacement  of  the  pole,  and  when  the  revolutions 
which  fuch  a  change  muft  have  produced,  in  regard  to  the 
furface  of  the  earth  and  fea,  are  not  taken  into  confideration. 

A  natural 


/ 


3 18  Thoughts  on  the fufipafed  Variations 

A  natural  confe'quence  follows.  If  our  northern  diftri&s 
of  the  earth  were  ever  fituated  in  the  torrid  zone,  a  part  of 
the  prefen t  torrid  zone  (for  it  is  not  poffible  that  this  ihould 
have  been  the  cafe  with  the  whole  of  it)  muff  have  occupied 
tiie  fouth  temperate  zone,  or  the  frigid  zone.  If  elephants 
could  ex  ill  in  thofe  foutherh  diftrihts,  at  that  time  forming 
the  temperate  and  frigid  zone,  or  if  Germany  and  Siberia 
were  fuddenly  tranfported  more  than  four  thoufand  miles  to¬ 
wards  the  north  pole,  could  theft:  animals  withftand  this  ge¬ 
neral  revolution  of  the  furface  of  the  earth  and  ocean  ?  Or, 
during  this  cataftrephe,  were  fo'me  of  thefe  ponderous  ani¬ 
mals  tranfported  over  the  land  and  fea  to  r heir  prefent  place 
of  abode,  in  order  to  propagate  their  breed? 

Thefe  queftions  cannot  be  anfwered;  but  are  unneceflfary, 
if  we  are  convinced,  from  the  principles  here  explained,  that 
fuch'  difplacements  of  the  poles  of  the  earth  are  not  admiffible. 

But  as  the  bones  of  elephants  and  the  remains  of  auftral 
plants  are  found  under  the  earth  in  non  hern  countries,  this 
may  be  explained  in  the  moft  natural  wav,  by  hip  paling  that 
formerly  a  fpecies  of  thefe  large  anijnals  and  auftral  plants 
exifted  in  the  temperate  north  latitudes;  for  it  is  certain  that 
many  petrified  {hells  and  plants,  as*  well  as  the  imprehions  of 
infedts,  are  found  under  the  earth,  the  originals  of  which 
are  unknown;  or  that  the  prefent  temperate  zone  enjoyed  in 
the  antieat  world  a  warmer  phyfieal  temperature. 

Are  there  not  fome  proofs,  generally  fpeaking,  that  the 
mafs  of  the  cold  in  the  north  increafes,  and  that  the  ice  is* 
more  and  more  accumulated  in  the  neighbourhood  of  the 
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north  pole;  that  even  our  vegetables  do  not  poffefs  the  fame 
degree  of  perfection,  and  betray  fymptoms  of  degeneration, 
though  the  fmalleft  difplacement  has  never  taken  place  in 
the  poles  of  the  earth,  and  no  change  in  the  inclination  of 
the  earth’s  axis  that  could  have  an  influence  on  the  climate? 
Is  not  the  cold  more  widely  diffufed  in  the  fouth  ern  hemi- 
fphere  than  in  the  northern,  though  both  are  equally  expofed 
to  the  fun,  and  t  on  o  h  the  fun  in  fummer  is  many  thoufand 
miles  nearer  the  former  than  the  latter  ? 

The  phyfieal  climates  of  the  earth  however,  and  particu¬ 
larly  the  two  temperate  and  two  frigid  zones,  as  they  are 
far  more  expofed  to  the  varied  influence  of  the  fun’s  -rays 
than  the  torrid  zone,  appear  to  have  been  fubjehted  to  great 
variations  at  long  intervals.  But  thefe  depend  much  on 
local  and  temporary  circumftances,  and  are  not  determined 
merely  by  the  different  effects  of  the  fun’s  influence,  in  con- 
fequence  of  his  annual  return.  They  are  at  the  fame  time, 
owing  to  the  chemical  fermentation  in  the  mixture  of  the 
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component  parts,  occafioned  by  the  acoefilon  of  heat ;  to  the 
folution  and  decompofition  of  thefe  fub  fiances  fo  different 
in  their  nature,  evaporated  from  the  fur  face  of  the  e&rth,  whe¬ 
ther  land  or  water,  which  is  filled  witlvani  trial  and  vegetable 
bodies ;  and  to  thefe  vapours  being  in  part  conveyed  into  toe 
atmofphere,  and  there  converted  into  other  matters,  and  being 
again  fent  back  to  it  in  the  form  of  fertilizing;  moifture. 

in  the  laft  place,  all  our  obfervatiens  have  hitherto  ffcown 
that  without  the  globe  of  the  earth  there  is  no  power  capable 
of  producing  fuel)  irregularities,  in  its  poles  and  its  axis. 

Jt  was  long  believed  indeed  that  comets  were  capable  of 
producing  inch  revolutions.  Who  knows,  laid  feme,  whe¬ 
ther  one  of  thefe  bodies  may  not  have  approached  too  near  to 
our  earth;  and,  being  fiirniilied  with  too  great  attractive 
power,  may  have  deranged  its  axis  or  its  pole,  or  dragged  its 
train  over  us;  and,  letting  every  thing  on  fire,  may  have  laid 
wane  lea  and  land,  altered  the  earth's  centre  of  gravity,  and 
occasioned  a  general  devastation  ? 

But  our  prefe'nt  more'  accurate  knowledge  of  the  orbits  and 
nature  of  thefe  celeflial  bodies  will  never  admit  of  any  fuppo- 
fition  of  this  kind.  It  is  known  from  certain  experience, 
and  the  conlequences  thence  deduced,  that  thefe  m  a  fibs  have 
very  little  fpecific  gravity,  and  therefore  nmft  pofiefs  a -very 
weak  attractive  power.  According  to  every  appearance,  they 
feem  to  be  com  po  fed  of  minute  mol  ecu  lie  mixed  with  the 
fine  ethereal  matter  of  light,  and  their  trains  are  only  highly 
fubtile  luminous  and  tranfparent  fub fiances  ;  fo  that  we  have 
very  little  to  apprehend  from  either  of  them. 

No  hiflorian  worthy  of  credit  ever  makes  mention  of  the 
difaftrous  effects  of  comets  on  our  earth;  and  mankind  are 
now  too  enlightened  to  be  led  into  error  by  what  the  preju¬ 
dice,  fuperftition,  and  ignorance  of  former  times  have  handed 
down  to  us  on  this  fu bjeet. 

Even  in  modern  times  comets  have  palled  very  near  our 
earth,  without  proclucmg  any  remarkable  phenomena, 
either  in  regard  to  the  atmofphere  or  the  common  courfe  of 
the  weather;  and  much  lei's  were  the  poles  or  the  axis  of  the 
earth  any  way  affected  by  their  approach ;  otherwife  fome 
traces  of  it  would  no  I  have  efcaped  the  reiearches  of  the  mo¬ 
dern  allronoruers.  On  the  other  hand  we  know,  by  expe¬ 
rience,  that  comets  which  have  palled  near  to  our  earth,  or 
the  other  planets,  in  their  way  to  the  fun,  have  fullered  tome 
perturbation  in  their  orbits  by  the  attractive  power  of  the 
latter. 

I  will  not  however  afiert  that  our  earth,  before  it  was 
completely  formed  and  rendered  habitable,  and  before  every 
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part  of  it  was  brought  into  complete  equilibrium  and  labi¬ 
lity,  may  not  have  experienced  fome  changes  and  variations, 
in  confequence  of  which  its  poles  and  its  axis  may  have  been 
in  fome  meafure  deranged  ;  but  all  the  traces  of  fuch  changes 
hitherto  difcovered  in  the  thin  cruft  within  the  reach  of  our 
obfervation  feem  to  prove  that  they  were  produced  by  partial 
changes  in  the  fituation  of  certain  parts  of  the  land  or  fea, 
which  were  in  no  manner  able  to  difplace  the  earth’s  centre 
of  gravity,  or  to  derange  its  poles  and  its  axis. 

In  the  courfe  of  a  thoufand  years,  revolutions  of  this  kind 
may  take  place  in  regard  to  the  earth’s  furface,  in  confe¬ 
quence  of  its  organization,  on  account  of  the  many  chemical 
mixtures  and  folutions  which  are  capable  of  continually  ex¬ 
citing  the  aClive  powers  of  nature;  but  the  equilibrium,  and 
powerful  law  of  mutual  attraction,  by  which  one  world  is 
connected  with  another,  may  free  us  from  all  apprehenfion  in 
regard  to  any  derangement  of  the  poles  or  axis  of  the  earth 
capable  of  being  followed  with  difaftrous  confequences. 


LI  I.  Obfervations  on  the  Manner  in  which  the  Spider  (Ara- 

nea  Diadema)  J'pins  its  Web,  By  M.  C.  G.  Lehmann  *. 

*» 

IT  muft  be  allowed  by  thofe  who  have  any  knowledge  of 
entomology,  that  the  natural  hiftory  of  fpiders  has  been  much 
negleCted;  for,  notwithstanding  the  great  progrefs  which  has 
been  made  in  that  fcience,  we  are  as  yet  very  little  acquainted 
with  the  organifation,  mode  of  life,  and  propagation  of  the 
moll  common  kinds  of  thefe  animals;  and  many  fpecies 
make  a  figure  in  our  fyftems  and  cabinets  which  differ  from 
each  other  only  by  their  age  or  their  fex,  Thefe  infedts,  fo 
remarkable  on  account  of  their  induftry  and  manner  of- life, 
are  viewed  with  a  fort  of  contempt  and  averfion,  which 
would  be  inexplicable  did  we  not  know  the  great  powerof  thofe 
impreflions  and  prejudices  which  we  receive  in  our  youth. 
Thefe  in  general  are  communicated  to  us  by  people  who  are 
the  leaft  qualified  to  give  the  mind  that  direction  neceffary 
for  the  purpofes  of  life,  and  who  in  particular  feem  to  have 
united  to  infpire  11s  with  a  dread  of  fpiders.  Hence  the 
complaint  or  fo  many  naturalifts,  that  this  averfion  always 
deters  them  from  obferving  and  accurately  examining  thefe 
inieCIs ;  and  thofe  who  have  undertaken  to  do  fo  have 
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generally  been  obliged  to  take  a  great  deal  of  trouble  to  over¬ 
come  this  antipathy 

But  however  much  mankind  may  have  beheld  with  aver- 
•ion  fpiders  and  other  vermin,  they  could  not  help  admiring 
the  ingenuity  of  the  latter  in  fpinning  their  webs,  and  the  or¬ 
der  and  regularity  difplayed  in  thefe  productions.  As  far 
back  therefore  as  natural  hiftory  can  be  traced,  in  the  time 
of  Ariftotle,  and  in  the  fragments  of  his  predeceffor f,  we 
find,  if  not  accurate  defcriptions,  at  lead;  fome  mention  of  the 
labours  of  this  infeCt,  In  like  manner,  the  moderns  have 
thought  the  lpider’s  web  worthy  of  their  attention;  and  it 
might  confequently  have  been  expebted  from  the  accuracy  of 
our  naturaliits.,  that  they  would  have  given  us  more  minute 
and  completer  defcriptions.  This  ought  to  have  been  the  cafe 
in  particular  with  the  web  of  the  crofs-fpider,  one  of  the 
mod  ftriking  and  raoft  remarkable.  I  have  feveral  times 
read  fuch  defcriptions,  and  liudied  them  with  pleafure,  be- 
caufe  agreeable  to  nature;  but  always  found  this  general 
complaint,  that  it  is  ftill  a  fecret  in  what  manner  the  crofs- 
fpider  extends  its  firft  thread,  in  order  that,  when  it  has  been 
faftened,  it  may  have  a  field  for  carrying  on  its  work.  It  is 
well  known  that  the  crofs-fpider  difpofes  its  web  in  a 
more  or  lefs  perpendicular  direction  in  fome  open  place. 
Thus,  for  example,  we  often  find  in  a  window  four  or  five 
threads  ftretched  from  one  fide  to  the  other;  from  thefe  fe- 
vcral  radii  proceed  to  a  common  centre;  and  around  thiscen*- 
tre,  at  a  diftance  which  may  be  eftimated  in  general  at  a  few 
lines,  there  are  feveral  concentric  circles,  each  progreffively 
larger;  in  the  middle  of  which  the  fpider  places  itfelf  con¬ 
cealed,  to  wait  until  fome  infebt  becomes  entangled  in  thefe 
threads,  when  it  immediately  ruflies  forth  and  feizes  its 
prey.  Thus  far  the  explanation  of  the  procefs  which  the  fpi¬ 
der  employs  is  very  eafy,  efpecially  as  it  is  known  that  this 
infebt,  wherever  it  goes,  marks  its  way  by  a  thread,  which  it 
leaves  behind  it;  and  that  this  thread,  on  account  of  its  vif- 
cofity,  can  always  be  made  fa  ft  to  any  objebt,  when  the  fpi- 

It  is  of  importance  to  confider  by  what  means  that  averfion  com¬ 
monly  called  natural,  and  which  is  merely  the  refult  of  improper  educa¬ 
tion,  can  be  overcome.  Rofel  accuftomed  himfelf  to  view  thefe  infers 
firft  at  a  diftance.  He  then  confidere'd  their  webs  ;  and  at  laft  looked  at  the 
infects  themfelves  through  a  microfcope.  Goze  firit  viewed  individual 
parts  of  fpiders,  fuch  as  the  legs,  head,  &c.  till  he  was  at  length  aXle  to 
look  without  any  fentiment  of  averfion  at  the  entire  infebt.  Both  thefe 
naturalifts,  by  long  habit,  fo  far  overcame  this  averfion,  that  they  could 
handle  and  examine  fpiders  with  the  fame  indifference  as  others  can  flies. 

f  Democritus.  See  Plin.  Kill.  Nat.  lib.  ii.  cap.  24. 
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der  only  preffes  it  a  little,  or  moiftens  it  with  a  drop  of  its 
vifcous  liquid. 

But  thefe  webs  are  commonly  found  in  for  efts  and  woods, 
often  on  the  high  branches  of  different  trees,  not  unfrequently 
fufpended  between  the  roofs  of  different  houfes  {landing  near 
each  other,  and  even  often  extended  over  ftreams  and  ponds 
of  water,  fo  that  it  is  impoffible  to  conceive  how  the  ipider 
could  proceed  from  the  one  point  to  the  other,  in  order  to 
eftablifh  her  firft  thread,  and  to  fallen  to  it  the  different  ra¬ 
dii.  Some  have  endeavoured  to  account  for  this  circum- 
ftance  by  the  moft  lingular  fuppofitions,  as  is  commonly  the 
cafe  when  philofophers  attempt  to  explain  the  phenomena 
of  nature  before  they  have  examined  them  with  fufficient  ac¬ 
curacy  ;  but  I  (hall  not  here  trouble  the  reader  with  thefe 
hypothefes,  which  contradict  themfelves  *.  Accident,  to 
which  we  are  indebted  for  moft  of  our  difcoveries,  particu¬ 
larly  in  natural  hiftory,  though  we  are  unwilling  to  allow 
it  any  lhare  in  our  difcoveries,  gave  me  an  opportunity  of 
making  an  obfervation  which  decides  the  above  queftion.  On 
a  warm  fummer’s  evening  I  faw  a  crofs-fpider  (aranea  di¬ 
adem  a)  let  herfelf  fpeedily  down  from  a  branch  of  a  tree  by 
her  ufual  thread;  and  at  the  fame  time  a  multitude  of  fimilar 
threads,  which  had  their  origin  at  the  fame  place  as  the 
other,  floated  around;  while  the  air,  which  was  not  percep¬ 
tible  to  my  fenfes,  carried  them  to  a  confiderable  diftance, 
and  even  a  confiderable  height.  Though  I  approached  with  the 
utmofl  gentlenefs,  the  direction  of  the  floating  threads  w'as 
immediately  changed,  and  in  a  moment  they  had  reached  a 
neighbouring  branch,  to  which  they  adhered.  The  fpider 
foon  obferved  that  her  floating  threads  had  reached  a  fixed 
point,  and  immediately  clambered  up  to  them,  having  thus 
given  me  an  opportunity  of  feeing  the  fecret  of  the  com¬ 
mencement  of  her  ingenious  labour.  Guided  by  this  trace, 
it  was  now  eafy  for  me  to  make  my  obfervations  with  greater 
accuracy;  and  the  refult  of  them  is  as  follows.  When  a 
fpider  is  defirous  of  proceeding  to  a  difiant  place,  flie  fud- 
denly  lets  herfelf  down  by  a  pretty  ftrong  thread,  and  at  the 
fame  time  draws  one  of  her  hind  legs  over  the  glandular 
parts  which  contain  the  materials  of  her  web.  By  thefe  means 
fhe  forces  from  them  a  great  number  of  finall  threads,  and 
configns  them  to  the  air;  which,  on  account  of  their  fpe- 
cific  lightnefs,  makes  them  float,  fo  that  they  remain  at  that 

*  -I  thall  only  mention  one. — Lifter  in  his  Hiji.  Animal.  Ang/ia’,  which 
contains  a  great  many  important  obfervations  on  lpiders,  explains  this, 
p.  7,  as  an  <}acul&tio  filorum,  and  endeavours  to  make  it  more  evident,  by 
comparing  it  to  the  manner  in  which  the  fun  emit3  his  rays. 
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height  at  which  the  fpider  firft  throws  them  but.  As  the 
then  fuddenly  (inks  down  in  a  retrograde  direction,  the  firft: 
ones  are  extended  to  a  confiderable  length. 

But  if  the  lead  breath  of  air  then  takes  place,  they  are 
thereby  carried  td  a  confiderable  diftance,  and  dill  become 
longer,  aS  the  infedi  can  then  fpin  them  out  at  pleafure  front 
her  receptacles;  fo  that  they  fodn  find  fome  objedfc  to  which, 
on  accoutit  of  their  vifcofity,  they  adhere.  The  fpider  then 
clambers  up  to  them,  (till  keeping  herfelf  in  connection  with 
her  firft  ftation,  as  die  always  carries  with  her  the  thread  by 
which  die  firft  let  herfelf  down,  and  fallens  the  fecond  end  of 
it  when  die  has  reached  a  new  point  of  red; 

f  have  too  little  acquaintance  with  works  or!  natural  hif- 
tory  to  be  able  to  determine  whether  this  obfervation  has  be.  * 
fore  been  made  by  others  *  ;  but  by  fome  queflions  in  the 
Hanoverian  Magazine,  and  by  the  private  information  of 
didinguidied  naturalifts,  it  appears  that  it  is  not  generally 
known;  Bat  whether  it  lie  new,  or  may  only  ferve  to  con¬ 
firm  what  has  been  already  remarked,  I  am  happy  that  I 
have  it  in  my  power  to  point  out  to  other  fearchers  into  na¬ 
ture  how  they  may  at  all  times  be  convinced  of  the  truth  of 
what  I  have  here  dated.  If  a  perfon  takes  a  fpider  from  its 
web,  and  places  it  on  the  hand,  it  will  endeavour  to  efcape 
from  this  warm  object  as  a  place  of  danger,  and  let  itfelf 
down  in  the  mannbr  above  defcribed  ;  but  if  one  of  the 
threads  that  float  about  in  the  air  be  laid  hold  of  bv  the  other 
hand,  the  fpider  fuffers  herfelf  to  be  drawn  over  by  it;  and 
this  experiment  can  be  repeated  feveral  times,  till  at  length, 
feared  by  being  fo  often  deceived,  die  throws  herfelf  loofe, 
and  differs  herfelf  to  fall  to  the  ground. 

To  thefe  obfervations  oil  the  manner  in  which  the  fpider 
begins  her  web,  I  (hall  add  fome  others,  which  indeed  com¬ 
prehend  but  a  final!  part  of  the  important  difcoveries  that 
Quatremere Disjohval  pretends  to  have  made;  and  refpeCling 
which,  fince  the  attention  of  naturalifts  is  called  to  this  fub- 
jeCt,  I  hope  to  obtain  further  information.  The  account 
that  various  kinds  of  fpiders  foretell  changes  of  the  weather 
feveral  days  before  they  take  place,  excited  my  Whole  at¬ 
tention;  and  I  was  the  more  deftrous  of  ftudyiug  the  arane- 
ology  of  the  above  obferver,  as  I  was  always  of  opinion  that 
thofe  infeCts  which  have  organs  peculiarly  adapted  for  per¬ 
ceiving  changes  in  the  (tale  of  the  air  f  would  be  capable  of 

*  Swammerdam,  in  his  Bib.  Nat.  p.  24.  has  defcribed  a  fimilar  ob* 
fervarion  ;  but  his  defcription  appears  to  me  not  very  clear. 

f  See  more  on  this  fubjeft  in  my  Comment  at  io  dc  SenfiBns  ex  ter  tits  Ani- 
funilum  exj.  p.  3  7  - 
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giving  us  the  beft  and  earlieft  information  refpe&ing  changes 
m  the  weather.  It  was  impoffible  for  me  at  fir  11  to  procure 
jDisjonval’s  work;  and  my  curiolity  began  to  be  lelTened 
when  I  heard  that  no  perfon  was  able  to  comprehend  it. 
For  this  reafon  I  refolved  to  make  obfervations  myfelf;  and 
with  this  view  I  collected  a  great  many  of  the  aranea  dta- 
dema  and  aranea  domejlica ,  as  the  latter  are  thofe  which 
Disjonval  muft  have  had  the  beft  opportunity  of  obferving 
when  in  prifon.  The  latter  {bowed  no  alteration  in  their 
web  or  their  conduct,  but  in  regard  to  the  former  I  Coon 
had  an  opportunity  of  making  very  important  obfervations. 
I  have  already  mentioned  what  every  body  knows,  that  this 
fpider  commonly  fits  in  the  middle  of  its  web.  I  now'  found 
that  {lie  often  extended  a  thread  from  the  centre  of  her  web,, 
that  is  the  ufual  place  of  her  refidence,  to  the  neareft  cor¬ 
ner  ;  in  which  {he  concealed  herfelf,  inftead  of  being  in 
the  web :  and  I  always  remarked,  that  this  change  was 
connected  with  a  change  of  the  weather,  as  all  my  crofs- 
lpiders  made  the  fame  change  together;  and  immediately  af¬ 
ter  the  weather  became  very  raw7  and  cold.  It  is  indeed  very 
natural  that  thofe  infects,  when  they  have  a  prefenfation  of 
bad  weather,  fhould  endeavour  to  {belter  themfelves  from  it. 
But  my  obfervations  were  too  much  interrupted  by  bufinefs 
and  various  circumftances,  and  I  was  too  ill  provided  with 
good  inftruments  for  comparing  the  ftate  of  the  weather  and 
of  the  atmofphere,  fuch  as  barometers,  thermometers,  hy¬ 
grometers,  See.  to  be  able  to  fav  any  thine-  decifive  on  the 
i object.  What  I  h  ave  laid  will  however  furnilh  a  hint  to 
others  who  may  be  difpofed  to  carry  thefe  refearches  further. 

The  fame  opportunity  enabled  me  to  make  another  obfer- 
yation,  of  wdnch  I  do  not  recollect  ever  to  have  heard  or 
read,  viz.  that  the  crofs-fpider  regularly  deftroys  its  web 
every  twenty-four  hours,  and  in  the  place  of  the  old  fubfti- 
tutes  a  new  one.  This  it  always  does  in  the  night-time,  but 
fufpends  the  renovation  of  it  when  a  cloudy  ftate  of  the  wea¬ 
ther  affords  it  no  hope  of  catching  any  prey,  and  perhaps 
when  any  mechanical  obftacles  Hand  in  the  way*.  This 

obfervation 

That  thofe  fpiders  which  weave  their  web  in  the  form  of  a  wheel  re¬ 
new  it  daily,  has  been  remarked  by  many  oblervers  as  well  as  by  myfelf. 
I  he  cauie  may  be  eafily  conceived  from  what  I  have  faid.  For  leveral 
years,  during  the  fummer,  I  1  elided  in  a  houfe  fituated  in  a  garden  ;  and 
oppofite  to  the  window,  which  was  generally  open,  a  large  fpider  had  ex¬ 
tended  her  web.  I  took  great  care  not  to  deftroy  it,  becaufe  it  ferved  in- 
itead  of  one  ot  thofe  gauze  fereens  which  are  commonly  employed  to  keep 
out  foes  and  gnats.  The  web  in  the  day-time  was  frequently  injured  by 
accidents,  but  next  morning  I  found  it  always  repaired.  One  morning, 

having 
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obfervation  has  thrown  great  light  upon  many  things  relating 
to  the  natural  hiflory  of  fpiders.  it  points  out  the  principal 
method  which  ought  to  be  purfued  in  making  obfervations 
on  the  weather  by  means  of  thefe  infebts,  as  they  conflru£t 
no  new  web  after  deftroving  the  old.,  when  impeded  by  the 
unfavourable  flate  of  the  weather.  This  alfo  enables  us  to 
explain  why  we  often  obferve  floating  about,  during  very  hot 
days,  prodigious  multitudes  of  fpiders  webs,  commonly 
known  under  the  name  of  gojfiimer,  and  which  has  given  oc~ 
cafion  to  fo  much  difpute  among  philofophers ;  for  it  may 
be  readily  conceived,  when  we  reflect  how  numerous  fpiders 
are,  what  a  multitude  of  thefe  webs  muft  be  let  loofe,  when, 
they  all  deflroy  their  webs  at  the  fame  time,  in  order  to  con. 
ffriidt  new  ones.  During  cloudy weather  none  of  them  are 
to  be  feen,  for  at  fuch  periods  none  are  let  loofe;  and  even  if 
there  are  a  few  of  them  in  the  atmofphere,  they  acquire  hea- 
vinefs  from  the  moifture  they  imbibe,  of  which  they  are  very 
fufceptible,  and  of  courfe  fall  to  the  earth.  I  was  enabled 
alfo  to  determine  the  difpute  refpedling  the  organs  of  vifiork 
in  fpiders.  They  undoubtedly  have  eyes,  which  are  indifpen- 
fably  neceffary  for  the  functions  they  have  to  perform,  and 
yet  they  do  not  feem  to  obferve  when  a  flick  or  other  dan¬ 
gerous  weapon  is  held  clofe  to  thefe  organs,  but  they  in- 
flantly  retreat  when  in  the  leaf!  touched.  At  prefent,  how¬ 
ever,  this  circumftance  can  be  eafily  explained,  for  thefe  in- 
fe£ts  are  no  diurnal  animals.  In  the  night-time  they  fpin 
their  webs,  and  during  the  morning  and  evening  twilight 
catch  the  greatefl  number  of  infects.  In  the  night  they 

having  got  up  earlier  than  ufual,  I  faw  the  fpider  at  day-break  deftroy  ail 
the  concentric  threads  proceeding  from  the  centre  outwards  along  the  ra¬ 
dii,  breaking  off  with  her  feet  the  crofs  threads,  which  fhe  cemented  to 
the  radii  fhe  had  left  untouched;  and  which,  by  thefe  means,  became  pro- 
greffively  thicker.  She  did  the  fame  with  the  principal  threads  by  which 
the  web  was  made  faft;  and  which,  in  confbquence  of  the  threads  added 
to  them,  were  rendered  much  ftronger.  The  imalleft  flies  or  gnats  which 
'attempted  to  enter  through  the  window  were  therefore  caught  faft  in  the 
net;  but  towards  noon,  or  fomewhat  later,  the  flies  became  Ihyer,  and  no 
more  were  caught.  The  fpider  therefore  about  that  time  retired  to  a  cor¬ 
ner  which  fiie  had  prepared  in  the  window,  where  fhe  laid  her  eggs,  and 
where  fhe  remained  quiet  till  the  next  morning.  This  obfervation  fhows 
that  the  threads  of  the  web  lofe  their  vifeofity  by  the  fun’s  rays  and  the 
heat  of  the  weather;  and  becoming  too  dry  and  hard  to  be  fit  for  catching 
'thofe  infects  on  which  the  fpider  feeds,  fhe  is  under  the  neceffity  of  re^ 
newing  them.  On  the  other  hand,  the  principal  threads,  which  ferve  only 
for  ftrengthening  the  web,  have  no  need  of  being  renewed.  Damp  wea¬ 
ther  may  perhaps  render  thefe  webs  as  unfit  for  catching  infedfs  as  the 
heat  does,  and  therefore  the  fpider  thinks  it  unneceffary  to  renew  her  web 
as  long  as  that,  temperature  continues. 
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fee  as  well  as  the  owls  to  catch  their  prey  \  and  in  the  day¬ 
time,  like  thole  birds,  they  are  dazzled  by  the  too  great  fplen- 
dour  of  the  light.  But  at  that  time  they  have  no  need  of 
very  acute  light,  as  they  feldom  leave  their  wgb ;  and,  whep 
they  do,  are  condubted  back  to  it  by  their  delicate  fenfe  of 
touching.  Befides,  they  feldom  have  occalion  for  it  in  the 
day-time,  as  their  webs  are  then  too  vilible  to  the  iniebfs 
which  they  catch  ;  fo  that  the  latter  can  bb  better  on  their 
guard  again#  them  than  they  can  during  the  twilight. 


LI  IT.  Outlines  of  a  View  of  Galvani/m ,  chief y  ex  trailed 
from  a  Gourfe  of  Ventures  on  the  Galvanic  Phacnoinena% 

read  at  the  Theatre  of  the  Royal  Irijlitution  by  Mr.  Davy  ** 

I.  Hiforical  Introduction. 

;  T  HE  fcience  relating  to  the  peculiar  ablion  of  dif¬ 
ferent  condubtors  of  eleblricitv  on  each  other,  has  lately  ex¬ 
cited  a  conuderable  degree  of  attention  in  the  philofophical 
world. 

Owing  its  origin  to  the  phamomenon  difcovered  by  Gal- 
vanif,  the  produbtion  of  mufcular  contrabfipn  by  the  ap¬ 
plication  of  metals  to  the  nerves  and  mufcles  of  animals,  it 
has  derived  its  name  from  that  phiiofopher. 

Galvanifm  was  at  fir#  limited  in  its  application  to  organ¬ 
ized  bodies;  but,  in  confequence  of  the  labours  and  inven¬ 
tive  genius  of  experimental i Its,  our  contemporaries,  it  has 
gradually  become  connebbed  with  chemiltry  and  general  phy- 
lics ;  it  has  afforded  powerful  inflruments  of  iriveftigation ; 
and  its  operations  have  been  traced  throughout  the  whole  of 
nature. 

In  giving  an  account  of  the  progrefs  of  this  fcience,  in  it? 
relation  to  the  powers  of  the  human  mind,  it  will  be  Suffi¬ 
cient  to  notice  fuch  experiments  only  as  have  derived  their, 
origin  from  extenfive  theoretical  views,  and  fuch  difcoveries 
as  have 
known. 

Though  the  hiftory  of  galvanifm  extends  only  through  the 
period  of  the  la#  nine  years,  yet  we  may  notice  in  it  four 
epochs,  each  of  them  diftinguifhcd  by  the  development  of 

*  £  rom  the  Journals  of  the.  Royal  InfUtution  of  Great  Britain. 

+  T-  he  f#ft  fa£t  relating  to  the  action  of  metals  on  the  animal  organs, 
was  obferved  by  Sulzer,  who  has  dei'eribed  the  fenfation  of  tafte  produced 
by  the  contact  of  lead  and  filvcr  with  the  tongue,  in  his  The  one  des  Plai/irs , 
publiflied  in  j 767. 

fabls^ 


led  to  accurate  generalisations  of  phenomena  already 
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fadts,  varioufly  interefting  from  their  novelty  and  the  extent 
of  their  application. 

§  2.  Confiderincr  the  firft  epoch  as  formed  by  the  publica¬ 
tion  of  the  fundamental  galvanic  fadt,  we  may  derive  the 
fecond  from  the  difcovery  of  the  exiftence  of  inorganic  gal- 
vanifm.  Till  the  refearches  of  Fabroni,  Dr.  Afh,  and  Creve, 
had  been  made  known,  the  galvanic  influence  was  generally 
confidered  as  exifling  only  in  living  animal  organs.  But  the 
dilcovery  of  the  peculiar  adtion  of  metals  in  contact  with  each 
other  upon  water,  deinonftrated  the  production  of  it  in  ar¬ 
rangements  compofed  wholly  of  dead  matter,  and  laid  the 
foundation  for  a  newclafs  of  inveftigations,  which  have  inti¬ 
mately  connected  the  galvanic  phenomena  with  known  phy- 
fical  effeCts. 

§  3.  The  third  epoch  in  the  hiftory  of  the  fcience  is,  per-* 
haps,  the  moll  brilliant  and  moft  important.  It  will  long  be 
celebrated  on  account  of  the  difcovery  of  the  accumulation 
of  the  galvanic  influence.  Before  this  difcovery  was  made, 
the  world,  in  general,  beheld  nothing  deeply  interefting  in 
gal  vanifm  :  it  had  no  relations  to  the  common  wants  of  life, 
and  the  faCts  that  compofed  it  were  fo  obfcure  as  to  be  diftD 
cultly  comprehended,  except  by  long  attention.  The  gal¬ 
vanic  battery  of  Volta  not  only  gratified  the  paflion  for  no¬ 
velty  by  the  curious  effeCls  it  produced,  but  likewife  awakened 
the  love  of  inveftigation,  by  diftindtly  exhibiting  the  analogy 
between  galvanifm  and  common  electricity. 

§  4.  The  fourth  and  laft  epoch  in  galvanifm  may  be  con¬ 
fidered  as  founded  upon  the  knowledge  of  the  general  con¬ 
nexion  between  the  excitement  of  galvanic  eledtricity,  and 
chemical  changes;  and  it  chiefly  owes  its  exiftence  to  the 
labours  of  Britifh  experimentalifts  The  difcovery  of  the 
chemical  agencies  of  o-al vanifm  has  led  to  refearches  which 
finally  cannot  fail  to  elucidate  the  philofophy  of  the  impon¬ 
derable  or  ethereal  fluids.  The  year  that  is  juft  paft  will  long 
be  diftinguifhed  in  the  hiftory  of  fcience ;  feldom  has  phy- 
fical  inveftigation  been  purfued  with  greater  ardour;  and  if 
new  fadts,  by  being  fometimes  infulated  and  incapable  of 
application  to  eftabliftied  theories,  have  perplexed  the  public 
mind,  yet  they  have  at  the  fame  time  been  ufeful  to  it,  by 
producing  a  habit  of  rational  and  adtive  fcepticiim,  which 
cannot  fail  of  becoming,  at  a  future  period,  the  parent  of  truth. 

II.  Of  the  leaf  complicated  Galvanic  Arrangements ,  i.  e« 

fmple  Circles. 

§  1.  The  conductors  of  eledtricity,  which,  by  their  adtion 

MefTrs.  Nicholfon,  Carlifle,  Cruikfhank  an  cl  Henry,  Dr.  Wollafton, 
and  Major  Haldane. 
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on  each  other,  are  capable  of  producing  galvanic  effedls, 
may  be  divided  into  two  claffes  *.  The  one  clafs  comprifes 
what  may  be  called  perfect  condudtors,  oxidable  metallic 
fubftances  and  charcoal :  the  other  includes  lefs  perfedl  con¬ 
dudtors,  which  are  either  oxidated  fluids,  or  fubffances  con¬ 
taining  thefe  fluids. 

The  fimpleft  galvanic  arrangements  require  for  their  forma¬ 
tion  at  lead;  two  bodies  of  the  fame  clafs  and  one  of  a  different 
clafs  *.  With  regard  to  the  form  of  their  aggregation,  they 
muff  be  fo  difpofed,  that  the  bodies  of  the  one  clafs  may  be 
in  contact  with  each  other,  in  one  or  more  points,  at  the 
fame  time  that  they  are  connedted  in  other  diftindt  points 
with  the  body  of  the  other  clafs. 

§  2.  The  fimple  galvanic  circles  may  be  divided  into  two 
general  kinds. 

The  firft  is  formed  by  two  different  metallic  fubftances,  or 
one  metallic  fubftance  and  charcoal,  and  a  peculiar  fluid. 

The  fecond  is  compofed  by  two  different,  fluids  and  one 
metallic  fubftance. 

Thus,  if  plates  of  zinc  and  of  filver  be  made  to  touch  in 
one  point,  and  be  conned! ed  together  in  other  points  by  a 
portion  of  common  water  or  of  muriatic  acid,  a  galvanic 
fimple  circle  is  formed  of  the  firft  order. 

Or  if  feparate  portions  of  nitric  acid  and  of  water,  moiften- 
ing  pieces  of  cloth  or  bibulous  paper,  be  brought  in  contabt 
with  each  other  on  a  fmall  furface,  at  the  fame  time  that 
other  furfaces  of  them  are  connedted  with  different  parts  of 
a  plate  of  tin,  a  circle  of  the  fecond  kind  is  compofed  f  . 

§  3.  All  arrangements,  however,  of  two  condudtors  of  one 
clafs  with  one  of  the  other,  are  not  capable  of  producing  gal¬ 
vanic  effedts :  and  even  the  powers  of  adting  circles  are  very 
different  in  degree.  It  appears  from  all  the  fadts,  that 
chemical  changes  taking  place  in  fome  of  the  parts  of  the 
circle  are  intimately  connedted  with  its  agencies.  For, 
though  a  momentary  circulation  of  galvanic  influence  may 
poflibly  be  produced  by  the  contadt  of  three  different  bodies,, 
yet  it  appears  inoft  likely  that  the  permanent  excitation  of  it 
depends  upon  a  certain  exertion  of  their  chemical  affinities. 

The  mpft  powerful  circles  of  the  firft  kind  are  thofe  com¬ 
pofed  of  two  folicls  of  different  degrees  of  oxidability,  and  of 
a  fluid  capable  of  oxidating  at  leaft  one  of  the  folids  f .  And, 
even  in  the  feebleft  circles,  it  appears  that  fome  chemical 
adtion  is  uniformly  exerted  either  by  oxidating  fluids  or  folu- 
lions  of  alkaline  lulphurets. 

Thus  filver  and  gold  do  not  appear  to  evolve  galvanic  in- 
*  Volta-  f  D.  I  Ritter. 
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fluenee  when  in  contact  with  pure  water,  which  is  incapable 
of  acting  chemically  upon  either  of  the  metals;  though 
when  they  are  connected  with  water,  holding  in  folutioa 
nitric  acid,  or  any  other  fluid  decompofable  by  fllver,  they 
form  an  a&ive  galvanic  arrangement  *. 

And  zinc  and  fllver,  which  a£t  very  little  with  pure  water, 
form  a  powerful  combination  with  water  holding  in  folution 
atmofpheric  air  or  acids  f . 

Ihe  following  table  of  fome  circles  of  the  firfb  kind,  in 
which  the  different  fubftances  are  arranged  according  to  the 
order  of  their  known  galvanic  powers,  will  {how  how  inti¬ 
mately  chemical  agencies  are  related  to  the  produ6tion  of 
galvanifm. 


TABLE  OF  SOME  GALVANIC  CIRCLES, 
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The  moft  active  Angle  circles  of  the  fecond  order  are  thofe 
in  which  the  two  imperfeft  conductors  are  capable  of  exerting 
different  chemical  agencies  on  the  perfect  condudfor,  at  the 
fame  time  that  they  are  poflefled  of  power  of  adfion  on  each 
other.  But  even  circles  in  w'hich  only  one  of  the  fluid  parts 
is  decompofable  by  the  folid,  are  poffefled  of  power  of  aflfion. 

Thus  copper,  fllver,  or  lead,  a£ls  very  powerfully  when 
connected  in  the  proper  order  with  folutions  of  alkaline  ful- 
phurets  and  of  nitrous  acid,  both  of  which  fluids  are  pof¬ 
fefled  of  diftjndt  chemical  agencies  upon  them§,  And 


*  D.  f  Fabroni. 

+  Dry  nitre,  cauftic  pptafh,  and  foda,  are  conductors  pf  galvanifm  when 
rendered  fluid  by  a  high  degree  of  heat;  but  the  order  of  their  conduCL 
jng  powers  has  not  been  yet  afcertained. 

§  D. 
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copper  or  filver  adts,  though  with  lefs  intenflty,  when  water, 
Or  a  fluid  which  they  are  incapable  of  decompoflng,  is  fubfti- 
tuted  for  one  of  the  chemical  agents. 

The  following  table  contains  fome  powerful  galvanic  com¬ 
binations  of  the  fecond  order,  arranged  according  to  the  in- 
tenfity  of  their  adfion. 


TABLE  OF  SOME  GALVANIC  CIRCLES, 
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§  4.  Arrangements,  exactly  fimilar  in  their  action  to  the 
common  fimple  circles,  may  be  formed  by  the  combination 
of  more  than  three  condudtors.  For,  that  fimple  galvanic 
action,  may  be  evolved,  nothing  more  is  apparently  requifite, 
than  that  the  points  of  contadl  between  the  folid  and  fluid 
parts  of  the  circle,  i,  e.  the  places  where  chemical  affinities 
are  liable  to  be  exerted,  be  immediately  preferved ;  at  the 
fame  time  that  thofe  parts  are  refpedlively  homogeneal,  or 
composed  refpedhively  of  fimilar  conductors.  T'hus  zinc, 
filver,  iron,  gold,  and  water,  arranged  in  a  circle,  in  the 
order  of  their  enumeration,  produce  adtion  exactly  analogous 
to  zinc,  gold,  and  water.  And  nitrous  acid,  water,  folution 
of  caultic  potaffi,  folution  of  fulphuret  of  potafli,  and  filver, 
evolve  galvanic  influence  in  the  fame  manner  as  nitrous  acid, 
water,  folution  of  fulphuret  of  potafli,  and  filver. 

ft  appears,  however,  that  the  length  and  furface  of  the 
conducting  furies,  connecting  the  exciting  parts  of  the  circle, 
are  in  fome  meafure  related  to  the  quantity  of  adtion  it  is 
capable  of  exhibiting.  This  law,  indeed,  applies  only  ana¬ 
logically  to  perfjpdt  condudtors  :  though,  with  regard  to  im¬ 
perfect  conductors,  it  is  demon ftrated  experimentally ;  as  ip 
all  cafes  a  diminution  of  power,  in  fome  unknown  ratio,  is 
produced  by  the  increafe  of  the  length,  or,  what  is  apparently 
equivalent,  the  diminution  of  the  furface  of  the  chain  which 
they  compofe. 

The  limits  of  furface,  and  of  length,  of  imperfect  condudtors 
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■jn  circles,  connebted  with  the  maximum  and  minimum  of 
their  abtivitv,  have  not  been  yet  afcertained ;  and  there  is 
every  reafon  to  believe  that  they  will  be  different  in  different 
imperfect  condubtors.’  Thus,  portions  of  fulphuric  acid  and 
of  nitrous  acid  will  probably  form  better  conducing  feries 
than  iimilar  portions  of  water;  and  a  chain  of  water  will 
perhaps  abt  better  than  an  equal  chain  of  water  mixed  with 
alcohol. 

From  feveral  experiments,  it  would  appear  that  the  powers 
of  circles  are  particularly  connected  with  the  extension  of  the 
furfaces  of  contact  between  the  perfebt  and  im perfect  con¬ 
ductors. 

§  5.  All  galvanic  influence  in  firsgle  circles  is  manifefled 
either  by  its  efficiency  in  affecting  living  animal  organs, 
forming  part  of  the  arrangement;  or  by  its  power  in  modi¬ 
fying  the  chemical  changes  produced  by  the  abtion  of  the 
perfebt  on  the  imperfebt  condubtors. 

A.  When  one  fluid  part  of  a  powerful  fingle  circle  is  made 
to  touch  the  tongue  at  the  fame  time  that  another  fluid  part 
is  connected  with  fome  irritable  furface  of  the  body,  an  acid 
tafte  is  perceived  *,  which  becomes  Iefs  diftinbt  in  propor¬ 
tion  as  the  contact  is  longer  preferved. 

If  the  eye  be  made  part  of  the  galvanic  circuit,  a  tranfient 
Hath  of  light  is  produced  at  the  moment  the  chain  is  com¬ 
pleted  f ;  and,  when  the  bared  cutis  is  employed,  a  faint 
painful  fenfation  uniformly  denotes  the  circulation  of  the 
galvanic  influence  J. 

But  the  moft  diftinbt  mode  of  exhibiting,  by  animal  ex¬ 
citement,  the  exiftence  of  fmall  quantities  of  galvanic  power, 
is  by  connecting  one  part  of  the  circle  with  a  nerve,  and  an¬ 
other  part  with  a  mufcle,  in  a  limb  juft  feparated  from  the 
body  of  a  living  animal.  In  this  cafe,  whenever  the  con¬ 
nection  of  the  arrangement  is  made  or  broken,  mufcular 
contractions  are  produced  §. 

B.  In  galvanic  ftmple  circles  all  primary  chemical  action 
taking  place  between  the  imperfebt  and  perfebt  conductors 
is  apparently  increafed  by  their  galvanic  arrangement.  Thus 
zinc,  which  oxidates  when  in  contact  with  common  water 
alone,  oxidates  much  more  rapidly  when  forming  a  galvanic 
circle  with  it  by  rqeans  of  gold,  or  other  difficultly  oxidable 
metals  j|.  And  tin  appears  to  diffolve  fafter  in  diluted  nitric 
acid,  when  competing  a  circle  with  it  by  the  contact  of  gold, 
than  when  fingly  immerfed  in  it^f. 

'*  Sulzer,  Volta,  Robifon,  and  other  philofophers. 

f  Mr.  Hunter.  X  Humboldt.  §  Galvani. 

||  Dr.  Alii.  «[  Original  experiment, 
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C.  But  increafe  of  primary  chemical  adion  is  not  the  only 
inorganic  effed  of  galvanifm ;  for  it  changes  the  nature  of 
this  adion  in  a  very  peculiar  manner.  In  the  oxidating 
circle  with  common  water,  no  perceptible  quantity  of  hy¬ 
drogen  is  evolved,  as  in  common  process ;  but  an  alkaline 
fnbttance  appears  to  be  formed  at  the  point  of  contad  of  the 
leail  oxidable  perfect  conductor  with  the  fluid.  Thus,  if  zinc 
and  filver  be  made  to  form  a  circle  with  diflilled  water,  hold¬ 
ing  in  folution  air,  for  many  weeks,  a  confiderable  oxidation 
of  the  zinc  is  perceived,  without  the  perceptible  evolution  of 
gas  ;  and  the  water,  at  its  point  of  contact  with  the  filver, 
becomes  poflefled  of  the  power  of  tingeing  green,  red  cabbage 
juice,  and  of  rendering  turbid,  folution  of  muriate  of  mag- 
nelia  *. 

In  the  oxidating  circles  with  acids,  gas  is  not  only  evolved 
from  the  parts  of  the  conductors  undergoing  chemical  change, 
but  like  wife  from  other  parts  in  which  no  primary  action 
apparently  exifts.  Thus,  when  zinc  and  filver  form  a  circle 
with  diluted  muriatic  acid,  gas  is  not  only  given  out  at  the 
points  of  contact  of  the  acid  with  the  zinc,  but  likewife  at 
the  place  where  it  is  connected  with  the  filver  f.  And  in 
the  circle  with  tin,  gold,  and  diluted  nitric  acid,  nitrous  gas 
is  evolved  from  the  gold  as  well  as  from  the  tin  *. 

I).  Indeed  in  all  the  fingle  galvanic  circles,  whenever  an 
oxidating  influence  is  exerted  at  one  of  the  places  of  contad 
of  the  perfect  and  imperfed  condudors,  a  deoxidating  adion 
appears  to  be  produced  at  the  other  place.  Thus,  when  iron, 
which  oxidates  rapidly  when  forming  a  circle  with  filver  and 
common  water,  is  arranged  with  zinc  and  common  water. 
It  remains  perfedly  unaltered,  whilft  the  zinc  is  rapidly  aded 
upon. 

^  §  6.  The  phenomena  exhibited  by  the  Ample  galvanic 
circles  cannot  well  be  theorized  upon,  except  in  the'laws  of 
their  connection  with  the  more  complicated  and  more 
linking  galvanic  fads.  And  it  is  from  the  difcovery  made 
by  Volta,  oi  the  accumulation  of  galvanifm  only,  that  the 
Inftruments  of  inveftigation  are  derived,  bv  means  of  which 
the  nature  of  this  influence  is  known,  and  its  moft  important 
agencies  and  relations  afcertained. 

III.  Of  Compound  Galvanic  Circles ,  or  Galvanic  Batteries. 

§  1.  The  inftruments  for  accumulating  galvanic  power, 
or  the  compound  galvanic  circles,  are  compofed  of  the  fame 
elements  as  the  Ample  circles;  but  thofe  elements  are  dif- 
poled  in  a  different  form  of  aggregation. 

*  Original  experiment,  D.  f  Dr.  Wollafton. 
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To  com  pole  a  galvanic  battery,  feries  of  the  conductors 
capable  of  forming  Ample  circles  are  required.  And  they 
muft  be  arranged  in  fuch  a  manner,  that  the  conductors  of 
the  fame  clafs  in  every  feries  may  be  in  contact  with  eaeli 
°^er;  dn  one  or  more  points,  at  the  fame  time  that  they  are 
refpeCtively  connected  with  different  conductors  of  the  other 
claf?,  and  one  of  them  belonging  to  the  fame  feries,  a  re- 
gtdar  alternation  being  obferved. 

1  bus,  the  order  of  a  compound  galvanic  circle  is,  conductor 
of  the  one  clafs,  conductor  of  the  one  clafs,  conductor  of  the 
other  clafs;  conductor  of  the  one  clafs,  and  fo  on,  in  uni¬ 
form  arrangement. 

§  2.  The  compound  galvanic  circles,  like  the  fimple  cir¬ 
cles,  may  be  divided  into  two  general  orders. 

The  fir  ft  order  is  compofed  of  feries,  containing,  at  lea  ft. 
two  perfeCt  conductors,  and  one  imperfed  conductor.  The 
iecond  is  formed  by  arrangements,  confifting  of  not  lefs  than 
two  imperfeCt  conductors,  and  one  perfeCt  conductor  *, 

Thus,  if  plates  of  zinc,  and  of  filver,  and  pieces  of  cloth, 
of  the  fize  of  tne  plates,  moiftened  in  water  or  diluted  mu- 
liatic  acid,  be  arranged  in  the  order  of  zinc,  filver,  cloth  ; 
zinc,  filver,  cloth;  and  fo  on,  till  twenty  feries  are  perfectly 
connected,  a  galvanic  battery  is  formed  of  the  firft  clafs  f. 

And  it  plates  of  copper,  and  pieces  of  cloth,  moiftened, 
fome  in  water  and  fome  in  Solution  of  fulphuret  of  potafli, 
be  connected  in  a  circle,  in  the  order  of  copper,  cloth 
moiftened  in  water,  cloth  moiftened  in  folution  of  fulphuret 
Oi  potam,  and  lo  on,  a  compound  circle  will  be  formed  of 
the  fecond  clafs  f . 

The  moft  elegant  mode,  however,  of  arranging  the  metals 
of  compound  circles  with  fluids,  is  by  means  of  veflfels  com¬ 
pofed  of  electrical  nonconductors,  fuch  as  glades,  or  boxes 
formed  of. baked  wood. 


Thus,  plates  of  copper  and  of  zinc,  paired,  and  foldered 
together  at  their  edges,  may  be  cemented  into  a  trough  com¬ 
pofed  of  baked  wood,  in  regular  alternation,  and  in  fuch  a 
manner  as  to  leave  a  number  of  water-tight  cells  corre- 
fponding  to  the  number  of  leries.  And  this  arrangement 
will  become  active  when  the  cells  are  filled  with  water  or 
saline  folutions,  and  when  the  extreme  metals  are  proper  I  v 
connected  §.  ‘  1  1 

Or,  in ftead  of  the  double  plates,  Angle  plates  of  copper 
and  of  horn,  or  glals,  may  be  ufed  in  uniform  alternation ; 
when  the  ceils  muft  be  filled  with  different  fluid  chemical 
agents  in  the  regular  order,  fo  as  to  be  connected  together 
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by  pieces  of  moiftened  cloth,  paffing  over  the  nonconducting 
plates  *. 

§  3.  The  fubftancfcs  moft  aCtive  in  the  Angle  circles  are 
likewife  molt  active  in  the  compound  circles.  And  in  all 
cafes,  the  relative  quantities  of  galvanic  power,  exhibited  by 
equal  numbers  of  different  furies,  are,  in  lbme  meafure,  pro¬ 
portional  to  the  intenfity  of  the  peculiar  primary  chemical 
agencies,  exerted  by  the  different  conductors  compofing 
them,  on  each  other  f. 

Thus,  in  the  battery  with  zinc  and  filver>  there  is  little 
or  no  action  produced,  when  the  connecting  fluid  is  pure 
water,  or  water  holding  in  folution  hydrogen  gas,  which  is 
incapable  of  aCting  on  the  metals  f.  The  action  is  greater 
with  water  faturated  with  oxygen  f  than  with  water  faturated 
with  atmofphcrie  air ;  and  it  is  moft  intenfe  when  folution 
of  red  ful p hate  of  iron,  or  of  nitric  acid,  is  employed. 

The  tables  of  the  tingle  circles  will  indicate,  with  the  ne- 
ceflary  change  of  arrangement,  the  relative  powers  of  the 
feries  forming  compound  circles. 

§  4.  Provided  thofe  places  of  contaCt  in  the  compound 
circle,  in  which  the  peculiar  chemical  changes  are  produced, 
remain  permanent,  the  parts  of  the  feries  which  do  not  im¬ 
mediately  aCt  chemically  on  each  other,  may  be  connected 
together  in  the  fame  manner  as  in  tingle  circles,  by  means 
of  conductors  of  their  own  clafs,  without  any  alteration  of 
the  nature  of  the  agencies. 

Thus,  in  the  circle  with  copper,  iron,  and  water,  the 
copper  and  iron  may  be  connected  by  means  of  a  wire  of 
brals§.  And  even  the  continuity  of  the  portions  of  water 
may  be  broken  by  moift  mufcular  fibre,  and  other  imperfect 
conductors,  without  any  other  change  in  the  efleCt  than  a 
diminution  of  its  intenfity  ||. 

§  5.  The  galvanic  influence,  when  highly  accumulated, 
produces  very  extraordinary  chemical  and  phyfical  effects, 
and,  in  many  of  its  appearances,  affumes  the  precife  form 
of  common  electricity. 

A.  When  in  a  powerful  battery  (one,  for  inftance,  con¬ 
taining  two  hundred  feries)  the  communication,  after  being 
broken,  is  again  rendered  complete  by  the  contact  of  two 
perfect  conductors,  a  flafh  or  fpark  of  light  is  perceived 
analogous  to  that  produced  by  electricity  §.  This  fpark,  or 
flafh,  when  the  battery  is  moft  powerful,  is  capable  of  palling 
th  rough  a  confiderable  flratum  of  airf,  and  of  inflaming 
mixtures  of  oxygen  and  hydrogen**.  When  the  metallic 
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fubftances,  by  which  it  is  tranfmitted,  are  of  very  fmall  vo¬ 
lume,  it  is  poffefled  of  the  power  of  igniting  them,  and  of 
making  them  enter  into  combuflion  when  in  contact  with 
oxygen  *. 

B.  The  galvanic  influence,  when  highly  concentrated, 
affe&s  the  electrometer,  and  is  capable  of  communicating 
weak  charges  to  the  condenfer  and  Leyden  phial  f.  In  all 
compound  circles  of  the  firft  clafs,  the  molt  oxidable  part  of 
the  metallic  plates  evolves  the  influence,  appearing  as  pofi- 
tive  eleftricity,  whilft  the  leait  oxidable  part  feems  negatively 
electrified.  In  the  fecond  clafs  of  circles  it  is,  however, 
probable  that  this  order  is  reverted. 

C.  Galvanifm,  moderately  accumulated,  affeCts  the  ani¬ 
mal  organs  in  nearly  the  fame  manner  as  common  eleCtri- 
city.  When  the  human  body  is  made  part  of  the  circle,  a 
ihock  is  perceived  at  the  moment  of  connection ;  and  a  fub- 
fequent  numbnefs  and  tingling  fenfation  denote  the  perma¬ 
nent  circulation  of  the  influence. 

The  frefh  limbs  of  frogs  undergo  violent  contractions,  and 
foon  lofe  their  excitability,  wheji  placed  in  the  circuit  of  a 
powerful  battery. 

D.  The  chemical  aCtions  taking  place  in  the  compound- 
galvanic  circle,  prefcnt  curious  and  molt  unexampled  appear¬ 
ances;  all  the  primary  changes  taking  place  in  the  different 
conductors  being  increafed,  and  modified  to  a  great  extent. 

In  all  batteries  of  the  firft  order,  when  the  connection  is 
completed,  changes  take  place  which  denote  the  evolution 
of  influences  capable  of  producing  from  common  water  oxygen 
and  hydrogen,  acid  and  alkali,  in  different  parts  of  every 
feries  £ . 

Thus,  in  the  battery  with  feries  of  zinc  plates,  filver  wires, 
and  common  water,  oxide  of  zinc  is  formed  on  all  the  plates 
of  zinc,  whilft  hydrogen  is  produced  from  the  filver  wires, 
and  if  the  water  in  contact  with  them  be  tinged  with  red 
cabbage  juice,  it  becomes  green  §. 

And  in  the  battery  with  filver,  gold,  and  weak  nitric  acid, 
the  filver  is  diffolved,  whilft  the  acid  become  s  green,  and 
llowly  evolves  gas  at  its  points  of  contaCf  with  the  gold. 

The  chemical  agencies  exerted  in  the  compound  batteries 
of  the  firft  clafs,  can  be  beft  obferved  by  the  fubftitution  of 
Angle  metallic  wires  for  fome  of  the  double  plates ;  for,  in 
this  cafe,  the  changes  taking  place  in  the  feries  with  wires, 
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will  be  exa&ly  analogous  to  thofe  produced  in  the  feries  with 
plates ;  fiber,  and  ali  the  more  oxidable  metals,  oxidating 
in  water,  in  the  ufual  place  ;  and  gold  and  platina  evolving 
oxygen  gas. 

Thus,  when  into  two  fmall  glafs  tubes,  connected  by  moift 
animal  fubftance,  and  filled  with  diftilled  water,  two  gold 
\vires  are  introduced  from  a  large  battery,  in  the  proper 
order,  oxygen  is  produced  in  one  quantity  of  water,  and 
hydrogen  in  the  other,  nearly  in  the  proportions  in  which 
they  are  required  to  form  water  by  combuftion  *.  And  if 
the  procefs  be  continued  for  Tome  time,  the  apparatus  being 
expofed  to  the  atmofphere,  the  water  in  the  oxygen-giving 
tube  will  become  impregnated  with  an  acid  (apparently  the 
nitrous) ;  whilft:  that  in  the  hydrogen-giving  tube  will  be 
found  to  hold  in  folution  an  alkali,  which,  in  certain  cafes, 
has  appeared  to  be  fixed  f . 

From  fome  experiments  it  would  appear  probable  that 
the  quantities  of  hydrogen  produced  in  feries  are  fmall,  and 
the  quantities  of  alkali  great,  in  proportion  as  the  furfaces  of 
contact  of  the  leaft  oxidable  metals  with  the  water  are  more 
extended 

All  the  oxygenated  folutions  of  bodies  poffeffing  lefs  affinity 
for  oxygen  than  nafeent  hydrogen,  are  decompofed  when 
expofed  to  the  adfion  of  the  metal  occupying  the  place  of  the 
leaft  oxidable  part  of  a  feries  in  the  compound  circle. 

Thus,  fulphur  may  be  produced  from  fulplmric  acid  ;  and 
copper  and  other  metals  precipitated  in  the  metallic  form 
from  their  fol vents  J. 

But  little  knowledge  has  yet  been  obtained  concerning  the 
chemical  changes  taking  place  in  the  fecond  clafs  of  galvanic 
batteries.  But  from  feveral  experiments  it  would  appear  that 
they  are  materially  different  in  the  laws  of  their  production 
from  thofe  taking  place  in  the  firft  clafs. 

Thus,  when  tingle  metallic  wires  with  water  are  placed 
as  feries  in  powerful  batteries  of  the  fecond  order,  the  in¬ 
fluence  producing  oxygen  feems  to  be  tranfmitted  by  the 
point,  in  the  place  of  that  part  of  the  plate,  which  was  ap¬ 
parently  incapable  of  undergoing  oxidation;  whilft  the  hy¬ 
drogen  is  evolved  from  that  point,  where  the  oxidating  part 
of  the  primary  feries  appeared  to  exift§. 

*  Original  experiment,  D. 

i*  Mr.  Cruikfhank,  the  firft  difeoverer  of  the  galvanic  production  of 
alkali,  fuppofes  that  the  hydrogen  wire  in  common  water  generates  am¬ 
moniac.  Perhaps  the  prefence  of  mufcular  fibre  is  connected  with  the 
production  of  fixed  alkali  in  the  experiment  detailed  in  the  text. 
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§  6.  The  agency  of  the  galvanic  influence,  which  occa- 
lions  chemical  changes,  and  communicates  eledirical  charges 
is  probably,  in  fome  meafure,  diftinCt  from  that  agency 
which  produces  fparks,  and  the  combuflion  of  bodies. 

The  one  appears  (all  other  eircumftances  being  fimilar) 
to  have  little  relation  to  furface  in  compound  circles,  but  to 
be  great,  m  fome  unknown  proportion,  as  the  number  of 
leries  are  numerous.  1  he  mtenfity  of  the  other  feems  to  be 
as  much  Connected  with  the  extenfion  of  the  furfaces  of  the 
feries,  as  with  their  number. 

Thais,  though  eight  feries,  compofed  of  plates  of  zinc  and 
copper,  about  ten  inches  fquare,  and  of  cloths  of  the  fame 
hze,  moiftened  in  diluted  muriatic  acid,  give  fparks  fo  vivid 
as  to  burn  iron  wire;  yet  the  {hocks  they  produce  are  hardly 
tenfible,  and  the  chemical  changes  indiftinCt  *.  Whilft 
twenty-four  feries  of  fimilar  plates  and  cloths,  about  two 
mdies  fquare,  which  occafion  {hocks  and  chemical  agencies 
more  than  three  times  as  intenfe,  produce  no  light  whatever. 

§  7;  A  meafure  of  the  intenfity  of  the  power  in  galvanic 
batteries,  producing  chemical  changes,  may  be  derived  from 
the  quantity  of  gas  it  is  capable  of  evolving  from  water  in  a. 
given  time;  or  from  the  length  of  the  fluid  chain  through 
which  it  can  be  transmitted.  For  the  lame  law  of  diminu- 
tion  of  activity  that  was  applied  to  Angle  circles  in  §4, 
P’  33°>  may  be  likewife  applied  to  compound  circles. 

The  general  relative  forces  of  different  batteries  maybe 
ascertained  by  connedling  them  in  oppoflte  orders,  fo  as  to 
produce  a  certain  annihilation  of  power.  For  in  all  cafes 
when  the  moil  oxidable  part  of  one  feries  is  placed  oppoflte 
to  the  fame  part  of  another  equal  feries,  and  connected  with 

it  by  means  of  a  fluid,  the  galvanic  agencies  of  both  are  de¬ 
ft  roved. 

J 

IV.  General  Olfervations . 

§  1.  From  a  valuable  experiment  lately  madef,  it  appears,, 
that,  when  common  electricity  is  palled  through  water,  by 
means  of  two  very  fine  metallic  points,  chemical  changes 
are  effe&ed  by  it,  analogous  to  thofe  occaftoned  by  the  tranf- 
miffion  of  the  galvanic  influence. 

}  his  fa£t,  fingly,  prefents  a  very  ftrong  analogy  between 
galvanifm  and  the  common  ele&rical  influence;  and,  when 
compared  with  the  other  fa6ts,  it  amounts  almoft  to  a  de¬ 
mo  n  ft  ration  of  their  identity. 

On  this  theory,  it  feems  moft  probable,  that  all  the  different 

*  Fourcroy,.  Vauquelin,  and  Thenard* 
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galvanic  phenomena  owe  their  exibence  to  eleCtricity,  excited 
m  the  different  arrangements,  in  confequence  of  a  change  in 
the  electrical  capacity  of  inch  of  their  parts  as  undergo  che¬ 
mical  aCtion  ;  this  aCtion  being  always  connected  with  altera¬ 
tions  in  the  furfaces  and  conducting  powers  of  bodies. 

The  circulation  of  eleCtricity  in  galvanic  circles,  from  its 
different  points  of  excitation,  appears  to  depend,  \n  a  great 
meafure,  upon  certain  fpecific  attractions  for  it,  in  the  dif¬ 
ferent  conductors,  inexplicable  by  known  laws. 

§  2.  In  all  cafes  of  fimple  galvanic  aCtion,  negative  and 
poiitive  eleCtricity,  as  refpeCtively  exhibited  by  their  deoxid¬ 
ating  and  oxidating  influences,  after  being  once  excited,  can 
be  multiplied  by  a  certain  alternation  of  furface. 

Thus,  in  the  circle  with  zinc,  iron,  and  water,  in  which, 
as  was  ftated  in  page  332,  the  zinc  oxidates,  and  the  iron  un¬ 
dergoes  no  change,  if  a  drop  of  water  be  placed  on  an  in- 
fulated  furface  of  the  iron,  it  will  rapidly  aCt  upon  it,  and 
produce  red  oxide;  whereas,  if  it  be  placed  upon  a  fimilar 
furface  of  the  zinc,  it  will  undergo  very  little  change*. 

This  faCt  will,  perhaps,  in  fome  meafure,  lead  to  an  ex¬ 
planation  of  the  caufe  of  the  accumulation  of  galvanifm  in 
Compound  circles.  For,  in  thofe  circles,  all  the  feries  are  fo 
conltituted  as  to  produce  a  perfect  correfpondence  between 
the  electricity  excited  by  chemical  aCtion,  and  that  produced 
by  compenfation. 

§  3.  The  general  chemical  agency  of  galvanifm  is  at  pre- 
fent  involved  in  obfeurity.  The  faCts  relating  to  the  feparate 
production  of  oxygen  and  hydrogen,  acid  and  alkali,  in 
water,  are  totally  incommenfurable  with  the  ufually  received 
theory  of  chemibry.  And,  even  fuppofing  that  the  appear¬ 
ance  of  the  two  lalt  of  thefe  bodies  is  connected  with  the 
prefence  of  atmofpheric  air,  it  is  bill  extremely  difficult  to 
conceive,  that  either  oxygen  or  hydrogen  can  pafs  in  an  in- 
vifible  form  through  fluids  or  organic  bodies.  •  Common 
phyfical  faCts  prefent  us  with  no  analogies  fufficiently  diftinCt 
to  enable  us  to  reafon  on  this  fubjeCt;  and  the  elucidation  of 
it  will  probably  be  connected  with  perfectly  new  views  of 
eorpufcular  aCtion. 

§  4.  The  appearance  of  galvanic  aCtion  in  living  matter, 
particularly  in  the  torpedinal  organ,  leads  to  curious  inqui¬ 
ries.  Chemical  changes  are  perpetually  going  on  in  different 
parts  of  the  living  body,  which  mub  be  connected  with  altera¬ 
tions  in  their  bates  of  eleCtricity  ;  and  organized  beings  con¬ 
tain  all  the  fubbances  requisite  for  forming  fpecies  of  galvanic 
arrangements.  Thefe  circumbances,  combined  with  the  faCts 
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df  the  production  of  mufcular  contraction  by  common  gal¬ 
vanifm,  and  the  dependance  of  irritability ,  and  even  life, 
upon  the  Oxygenation  of  the  blood,  afford  analogies  which 
render  it  probable  that  fome  phenomena  fimilar  to  the  gal¬ 
vanic  phenomena  may  be  connected  with  mufcular  aCtion 
and  other  proeeffes  of  life.  Thefe  analogies,  however,  at 
prefent  are  very  indiftinCt;  and  they  ought  to  be  confidered 
of  importance  only  fo  far  as  they  are  likely  to  lead  to  the  dif- 
covery  of  new  inftruments  of  experimental  inveftigation. 

Coficlufion. 

The  relations  of  galvanifm  to  the  different  branches  of 
phyfical  fcience  are  too  numerous  and  too  extenfive  to  be 
connected  With  the  preceding  details;  and,  although  in  their 
infancy,  they  will  probably  long  conftitute  favourite  fubjeCts 
of  inveftigation  amongft  philofophers,  becoming  the  fources 
of  ufeful  difcoveries. 

The  new  galvanic  faCts  have  given  an  importance  to  the 
fcience  fufficient  to  render  it  interefting,  and  to  enfure  its 
progreilion.  The  fpirit  of  inquiry  is  awakened  in  the  public 
mind,  and  it  is  difficult  to  imagine  the  exiftence  of  caufes 
capable  of  deftroving  it. 

Galvanifm  may  be  purfued  with  greater  facility  than  moft 
of  the  other  fciences;  it  requires  lefs  time  and  attention;  it 
is  lefs  connected  with  manual  labour,  and  the  mod  delicate 
Organs  are  the  belt  fitted  for  performing  and  obferving  its 
operations.  '  ^ 

The  inftruments  required  for  galvanic  experiments  are  few* 
and  but  little  expenflve.  A  battery  compofed  of  fifty  plates, 
when  arranged  with  chemical  agents,  forms  a  combination 
fufficiently  powerful  for  common  experiments.  With  fucli 
a  combination,  a  few  glafs  tubes  having  gold  wires  attached 
to  them,  and  a  gold  leaf  eleCtrometCr,  may  invettigations  be 
purfued,  and  principles  difcovered,  extending  not  alone  to 
the  laws  of  dead  matter,  but  even  to  thofe  of  animated  nature. 

If,  to  render  galvanifm  a  popular  ftudy,  it  were  neceffary 
to  prove  that  it  bore  relations  to  the  common  wants  of  life, 
it  might  be  ftated,  that  its  agencies  are  likely,  at  fome  period, 
to  become  ufeful  in  the  arts.  When  our  galvanic  inftru- 
merits  are  rendered  more  perfect  and  more  powerful,  we  may 
be  readily  enabled,  by  means  of  them,  to  procure  the  pure 
metals;  and  to  form  immediately  from  their  elements,  ni¬ 
trous  acid  and  alkali.  The  connexion  of  galvanifm  with 
philofophical  medicine  is  evident.  The  electrical  influence 
in  its  common  form,  as  excited  by  machines,  has  been  em¬ 
ployed  with  advantage  in  the  cure  of  difeafes ;  in  a  new  ftate 
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of  exigence  it  may  poffibly  be  poffeffed  of  greater,  and  of  dif¬ 
ferent  powers. 

But,  independent  of  the  immediate  applications'  of  this 
fcience,  much  is  to  be  hoped  from  the  elucidations  which  it 
may  beftow  upon  the  kindred  faiences.  And  a  difcovery  la 
important  as  to  excite  our  aftomfhment,  cannot  fail  of  be¬ 
coming,  at  fome  period,  nfeful  to  fociety.  All  the  different 
branches  of  human  knowledge  are  intimately  connected  to¬ 
gether,  and  theoretical  improvements  cannot  well  be  made 
in  them  without  being  accompanied  by  pradlical  advantages. 

Royal  Inftitution,  Sept,  i,  1S01. 


LIV.  An  Account  of  a  Method  of  confruBing  Simple  and 
Compound  Galvanic  Combinations^  without  the  U/'e  oj  Me¬ 
tallic  Sub  (lances ,  by  means  of  Charcoal  and  different  Fluids . 
JBy  Mr.  Davy  *. 

I.  I.  F  a  piece  of  well  burned  charcoal  be  brought  in  contact 
at  one  of  its  furfaces  with  a  portion  of  water,  and  at  another 
furface  with  a  portion  of  nitric  acid,  a  limple  galvanic  com¬ 
bination  will  be  formed  when  the  two  fluids  are  connected 
together :  and  the  powers  of  it  are  demonftrated  by  its  agen¬ 
cies  upon  the  limbs  of  frogs,  and  by  its  effects  upon  the  organs 
of  fenfe. 

2.  A  compound  galvanic  combination  or  a  galvanic  bat¬ 
tery  may  be  formed  from  a  number  of  feries  compofed  of  the 
fame  fubftances :  but  in  this  cafe  the  fluid  elements  of  each 
feries,  not  being  immediately  in  contact,  muft  be  connected 
with  flmllar  elements  in  other  feries  in  an  order  of  regular 
alternation,  fuch  as  water,  charcoal,  acid ;  water,  charcoal, 
acid  \  and  fo  on. 

g.  The  belt  mode  that  has  yet  occurred  of  conftruCting 
galvanic  batteries  with  charcoal,  is  by  means  of  a  number  of 
gialfes, v which  are  made  to  contain,  alternately,  nitrous  acid 
and  water,  and  which  are  connected  in  pairs  by  means  of 
moiftened  cloth.  The  pieces  of  charcoal  ufed  are  made  from 
very  denfe  wood,  fuch  as  box  or  lignum  vitae ;  and  in  this 
cafe,  the  fluids  will  not  penetrate  into  them  by  capillary  at¬ 
traction  much  beyond  the  places  of  their  primary  contact. 
Their  forms  are  thofe  of  arcs,  fo  that  each  piece  connects 
together  two  glaffes ;  but  in  inftarices  where  Angle  pieces  of 
charcoal  cannot  be  obtained  of  the  proper  fhape,  two  long 
and  thin  flips  may  be  fattened  together  by  filk,  fo  as  to  form 
the  angle  neceffary  to  their  infertion  into  the  glaffes. 

*  From  the  fame. 
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4.  Twenty  feries  in  a  battery  of  this  kind  produce  fenfible 
but  feeble  {bocks,  and  when  a  Angle  metallic  feries  with  a 
gold  wire  and  two  glaffes  of  water  is  fubftituted  for  one  of  the 
primary  feries,  hydrogen  is  given  out  by  the  metallic  point 
in  the  glafs  of  water  in  the  place  of  the  acid,  whilft  oxygen 
is  evolved  from  the  point  in  the  other  glafs. 

5.  In  the  galvanic  batteries  with  charcoal,  fulphuric  acid 
may  be  fubftituted  for  nitric  acid;  and  folution  of  fulphuret 
of  potafh  for  the  water,  without  any  material  alteration  in. 
the  nature  of  the  agency  5  the  folution  of  the  fulphuret  in¬ 
deed,  feems,  in  fome  meafure,  to  increafe  its  intenftty,  and 
combinations  containing  this  fubftance,  denfe  charcoal,  and 
concentrated  nitric  acid,  appear  to  be  fuperior  in  adtivity  to 
iimilar  combinations  containing  copper,  and  the  fame  fluid 
elements,  and  to  be  nearly  equal  to  thofe  compofed  of  zinc, 
fllver,  and  water. 


January  9,  1802. 


LV.  Ohfervations  on  the  Affinity  which  Earths  have  for  each 
other.  By  Darracq,  Pupil  o/Vauguelin,  and  his 
Affijlant  in  the  School  of  Mines  *, 


T  HE  analyfis  of  ftones  has  long  engaged  the  attention  of 
chemifts.  The  moderns,  affifted  by  more  corredl  inftruments. 
have  carried  this  branch  of  chemiftry  to  fuch  a  degree  of 
perfection,  as  feems  to  leave  nothing  more  to  be  defired  ;  but 
C.  Guyton,  in  a  memoir,  in  which  he  treats  with  minutenefs 
on  the  different  affinities  which  the  earths  exercife  on  each 
other,  relates  feveral  ohfervations,  printed  in  the  37th  number 
ol  th eAnnales  de  Chimie ,  which  excite  great  doubt  in  regard  to 
the  exaCtnefs  of  the  analyfes  hitherto  made,  and  which  invite 
all  chemifts  to  be  011  their  guard,  left  they  ffiould  take  a  Ample 
earth  for  a  mixture  of  feveral.  The  embarraffment  which 
thefe  affinities  daily  gave  rife  to,  determined  me  to  examine, 
with  great  care,  the  different  circumftances  under  which  they 
may  take  place ;  for,  if  it  is  of  importance  to  point  out  thele 
new  combinations,  it  is  no  lefs  fo  to  reduce  them  to  their 
juft  value. 

Exp.  I.  C.  Guyton  having  mixed  ten  centilitres  of  lime 
water  with  two  centilitres, ot  barytes  water,  there  were  foon 
formed  white  clouds,  which  united,  and  depofited  themfelves 
at  the  bottom  of  the  veffel  containing  the  mixture.  In  con- 
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fequence  of  this  experiment  he  admitted  an  affinity  between 
lime  and  barytes. 

I  repeated  the  fame  experiment  with  great  care ;  but  ob¬ 
tained  no  change  in  the  liquors  mixed,  nor  any  fign  of  pre¬ 
cipitation,  even  after  five  months.  It  is  to  be  prefumed  that 
the  precipitate  formed  in  the  experiment  of  C.  Guyton  arofe 
from  the  impurity  of  the  fubftances  employed.  In  my  opi¬ 
nion,  it  was  owing  to  the  prefence  of  fome  atoms  of  fulphuric 
acid  contained  in  the  lime.  It  is  almoft  always  found  in 
common  lime. 

Exp.  II.  By  combining  a  folution  of  aluminated  potafh 
and  filiciated  potafh,  I  obtained,  as  Guyton  did,  a  very  thick 
white  precipitate,  which  foon  after  formed  a  gelly.  This  pre¬ 
cipitate,  difperfed  in  water,  and  filtered,  gave," by  the  tefts 
proper  for  alumine  and  filex,  evident  proofs  of  the  affinity  of 
thefe  two  earths  diffolved  in  potafh. 

Exp.  III.  Lime  water,  mixed  with  a  folution  of  filiciated 
potafh,  gave  alfo  proofs  of  a  real  affinity  between  thefe  earths 
by  the  precipitation,  which  was  inftantly  effe&ed.  This 
was  confirmed  alfo  by  an  analyfis  of  the  precipitate. 

Exp.  IV.  Strontian  water  with  filiciated  potafh  produced 
the  fame  phenomenon  as  the  preceding  mixture. 

Exp.  V.  Strontian  water  and  lime  water  mixed  together 
formed  no  precipitate,  as  was  obferved  by  Guyton. 

Exp.  VI.  Strontian  water  and  barytes  water,  when  com¬ 
bined,  formed  no  precipitate. 

Exp  VII.  Carbonates  of  lime  and  barytes,  diffolved  in  an 
excefs  of  their  acid,  gave  no  fign  of  a  new  combination. 

Exp.  VIII.  7  his  experiment,  which  begins  the  feries  of 
thofe  made  by  Guyton  on  the  folution  of  earths  in  acids,  did 
not  afford  me  the  refults  announced  by  that  chemift.  Having 
made  a  mixture  of  equal  parts  of  a  folution  of  muriate  of  lime 
and  a  folution  of  muriate  of  alumine,  he  obferved,  iff,  That 
the  liquor  immediately  became  turbid,  without  the  acid  of 
agitation  :  2d,  That  foon  after  it  was  opake,  and  almoft  ge¬ 
latinous:  3d,  and  in  the  laft  place,  that  this  precipitate  did 
not  difappear  by  the  addition  of  an  acid. 

I  repeated  this  experiment,  with  all  the  care  poffible,  to 
obtain  the  fame  phenomena.  Very  pure  muriate  of  lime, 
mixed  with  muriate  of  alumine  equally  pure,  gave  no  fign  of 
precipitation  :  the  mixed  liquors  conftantly  remained  clear. 

It  is  probable,  according  to  fome  effays  which  are  pe¬ 
culiar  to  myfelf,  that  the  precipitate  obtained  by  C.  Guyton 
was  occafioned  by  the  fulphuric  acid  contained  in  the  mu¬ 
riate  of  alumine,  and  which  at  the  time  of  the  mixture  muff 
have  re-acled  on  the  lime  \  for  when  alumine  has  been  ex- 
4  traHed 
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tra&ed  from  alum,  it  is  difficult  to  free  At  entirely  from  ful¬ 
phuric  acid. 

By  extracting  alumine  from  thofe  natural  (tones  which 
contain  it,  either  by  the  nitric  acid  or  the  muriatic  acid,  it 
will  be  eafy  to  difcover  the  error  into  which  the  author  was 
led  by  muriate  of  lime  prepared  with  the  earth  of  alum. 

Exp.  IX.  By  combining  muriate  of  lime,  in  folution,  with 
muriate  of  barytes,  Guyton  obferved  an  abundant  precipitate, 
which  was  not  dilfolved  by  excels  of  muriatic  acid.  The  fo- 
lutions  of  thefe  two  muriates,  whether  concentrated,  or  diluted 
with  diddled  water,  gave  no  fign  of  precipitation  by  mixing 
together,  nor  a  long  time  after  their  combination.  In  my 
opinion,  the  muriate  of  lime  employed  by  Guyton  contained 
fome  atoms  of  fulphuric  acid,  which,  with  the  barytes,  muft 
have  formed  fulphate  of  barytes. 

Exp.  X.  Muriate  of  lime  mixed  with  that  of  magnefia 
gave,  as  Guyton  obferved,  no  (ign  of  precipitation. 

Exp.  XI.  When  folutions  of  muriates  of  lime  and  of  (Iron- 
tian  were  mixed,  no  change  was  produced.  This  was  ob- 
lerved  alfo  by  Guyton. 

Exp.  XII.  Guyton  announces,  that  the  mixture  of  folutions 
of  muriate  of  magnefia  and  muriate  of  alumine  affiumed,  at 
the  end  of  fome  minutes,  a  flight  milky  appearance.  This 
experiment,  being  carefully  repeated,  exhibited  nothing  of 
the  kind :  my  liquors  retained  their  clearnefs  and  tranf- 
parency. 

Exp.  XIII.  The  .thirteenth  experiment,  made  with  a  mix¬ 
ture  of  folutions  of  muriate  of  magnefia  and  muriate  of  ba¬ 
rytes,  formed  no  precipitate,  either  at  the  moment  or  long 
after;  yet  Guyton  favs  he  obtained  an  abundant  precipitate. 
It  is  probable  that  fulphuric  acid  was  (till  concealed  in  the 
muriate  of  magnefia. 

Exp.  XIV.  This  experiment,  which  was  made  with  mu¬ 
riate  of  magnefia  and  muriate  of  ftrontian,  gave  no  fign  of 
any  new  combination.  The  fame  was  remarked  by  Guyton. 

Exp.  XV,  Muriate  of  barytes  and  muriate  of  alumine, 
both  diflolved  and  even  diluted  in  water,  gave  to  Guyton  an 
abundant  precipitate.  The  fame  experiment,  repeated  with 
the  folutions  concentrated  or  diluted  with  water,  did  not  yield 
me  the  fame  refull :  the  mixture  always  remained  clear,  with¬ 
out  forming  any  precipitate. 

Exp.  XVI.  The  fixteenth  experiment,  made  by  the  com¬ 
bination  of  muriate  of  ftrontian  with  that  of  barytes,  exhi¬ 
bited  no  change. 

Exp.  XVI I*.  The  feventeenth  and  laft  experiment  of 
Guyton,  on  the  affinity  of  earths  in  the  humid  way,  was 
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made  by  mixing  a  folution  of  muriate  of  ftrontian  with  a  fo¬ 
lution  of  muriate  of  alumine.  According  to  his  account,  the 
liquor  affumed  a  milky  colour,  and  gave  a  precipitate  which 
the  acid  did  not  rediflolve.  This  experiment,  repeated,  like 
all  the  reft,  with  a  great  deal  of  care,  (till  confirmed  the  pre¬ 
fence  of  the  fulphuric  acid  in  the  folution  of  muriate  of  am¬ 
monia  he  employed  ;  for  I  had  no  precipitate  when  I  repeated 
the  experiment,  and  the  liquor,  for  five  months,  loft  nothing 
of  its  tranfparency. 

By  admitting  between  earthy  fubftances  an  affinity  of 
which  nature  affords  a  thoufand  examples,  I  do  not  however 
think  that  the  force  which  attracts  them  is  fufficiently  great 
to  make  them  abandon  their  folvent,  without  evaporation, 
efpeeially  if  it  be  acid.  There  is  none  indeed  but  ft  lex  dif- 
folved  in  alkali  that  has  the  property  of  precipitating  the 
other  alkaline  earths  from  their  aqueous  folutions  :  the  other 
earths  produce  nothing  of  the  kind;  'for,  if  alumine  diftolved 
in  an  alkali  be  mixed  with  folutions  of  barytes,  ftrontian, 
lime,  &c.  no  precipitate  will  be  formed ;  nothing  more  will 
take  place  between  the  ftrontian,  lime,  barytes,  &c. 

If  the  experiments  of.  Guyton  had  really  eftablifhed  the 
fadts  he  announces,  we  fhould  have  had  no  longer  any  cer¬ 
tain  means  for  analysing  earths  and  ftones,  and  every  thing 
hitherto  done  on  this  fubjedt  could  only  have  been  confidered 
as  fo  many  incorredt  refults, 

I  therefore  think  myielf  authorized  to  conclude,  from  the 
fadts  announced  in  this  memoir,  that  the  phenomena  ob- 
ferved  by  Guyton  were  occafioned  in  many  cafes  by  foreign 
bodies  contained  in  the  matters  he  employed. 


LVI.  Experiments  concerning  the  Analyjis  and  Synthefs  of 
Alkalies  and  Earths ,  announced  by  C.  Guyton  and 
Desormes.  By  C.  Darracq,  Pupil  of  and  AJJijlant 
to  C.  Vauquelin  at  the  School  of  Mines*. 


JL  HE  third  volume  of  the  Memoirs  of  the  Inftitute  of 
France  contains  fome  experiments  by  C.  Guyton  and  Des¬ 
ormes  on  the  compofition  and  decompofition  of  the  two 
fixed  alkalies,  and  lome  of  the  earths  fuppofed  to  be  ftmple. 
The  importance  of  fuch  difcoveries,  the  period  of  their  being 
made,  and  their  utility  to  the  arts,  invite  all  chemifts  to  re¬ 
peat  thRn;  and  iuch  were  the  motives  by  which  I  was  guided 
my  relearches.  To  announce  that  my  experiments  were 


*  From  the  Annates  de  Cbimie3  No,  119. 


ef  Alkalies  and  Earths .  345 

made  in  the  laboratory  of  the  SchocJ  of  Mines,  Is  to  inform 
the  public  that  1  was  affifted  bv  the  advice  of  C.  Vauquelin. 

I  mull  requeft  thofe  chemifls  whofe  opinions  I  am  about 
to  oppofe,  to  confider  mv  labour  as  arifing  only  from  a  defire 
to  difcover  truth,  and  not  as  the  refult  of  a  vain  pretenfion  to 
alter  in  any  manner  the  efteem  which  they  deferve,  and  the 
gratitude  due  to  them  for  their  numerous  and  ufeful  difco- 
veries.  I  {hall  therefore  content  myfelf  with  defcribing  the 
.manner  in  which  I  repeated  their  experiments.  I  fihall  fhow 
the  refults  of  them,  and  I  {hall  leave  to  chemifts  to  deduce 
from  them  fuch  conclufions  as  they  may  think  proper. 

Exp.  I.  The  firft  experiment,  which  confifts  in  the  re¬ 
duction  of  a  metallic  oxide  by  potafh,  prefents  nothing  that 
can  fupport  the  obfervation  of  the  above  authors.  The  confe- 
quence  which  they  themfelves  deduce  from  it  is  merely  ac- 
ceffory.  Befides,  it  is  known  that  feveral  faline  fub fiances 
deftitute  of  potalh  poffefs  this  property.  It  is  known  alfo, 
that  fire  alone  is  fufficient  to  reduce  the  oxide  of  lead  em¬ 
ployed  in  this  operation. 

Exp.  II.  Guyton  and  Deformes  decompofed  in  a  platina 
crucible  fulphuret  of  potafli ;  and  with  the  help  of  a  ftrong 
heat  they  obtained  lime. 

I  repeated  this  experiment  with  common  fulphuret  of  pol- 
afh  ;  that  is  to  fay,  the  fubftance  commonly  fold  in  the  {hops 
under  the  name  of  liver  offulphur ;  and  having  expofed  it  to 
a  'ftrong  heat,  I  obtained  a  refiduum  which,  when  treated 
with  water,  was  not  entirely  difi’olved.  The  infoluble  part, 
treated  by  nitric  acid,  was  attacked;  the  nitric  folution,  tried 
by  the  oxalate  of  ammonia,  gave  a  great  quantity  of  lime. 

SufpeCling  that  the  lime  found  by  this  experiment  might 
arife  from  the  potafli  employed  to  make  the  fulphuret,  I 
made  a  fecond  experiment  with  pure  iulphuret  of  potafh, 
prepared  from  potafh  purified  by  alcohol  and  fublimated  ful¬ 
phur.  I  employed  16  grammes  of  alkali  and  8  of  fulphur. 
The  mixture,  made  in  a  mortar,  and  poured  by  portions  into 
a  platina  crucible  flrongly  heated,  left  a  matter  of  a  redefifh 
brown  colour,  which,  treated  by  water,  was  almofl  entirely 
diflblved.  The  final!  refiduum,  which  weighed  only  4  centi¬ 
grammes,  being  carefully  examined,  was  found  to  be  filex 
coloured  by  charcoal ;  it  arofe  no  doubt  from  the  potafli, 
which,  as  is  well  known,  eafily  diffolves  that  earth. 

Exp.  III.  To  perform  this  third  experiment,  they  took 
oxalate  of  potafh  with  fulphur.  After  the  mixture  wH  inoifi- 
ened  and  pulverifed,  it  was  treated  with  heat  in  a  fand-bath, 
and  oxalate  of  lime  was  obtained. 

As  the  above  authors  do  not  deferibe  this  experiment,  and 
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give  no  proportions,  I  fihall  make  known  thofe  which  I  em¬ 
ployed,  and  the  reful t  I  obtained. 

To  get  pure  oxalate  of  potafh,  I  faturated  potafh  purified 
by  alcohol  with  oxalic  acid.  I  took  18  grammes  of  this  fait, 
evaporated  almoft  to  drynefs,  and,  having  mixed  it  with  9 
grammes  of  fublimated  fulphur,  moiftened  the  mixture  with 
half  a  decilitre  of  water.  I  then  placed  the  capfule  contain¬ 
ing  it  on  a  fand-bath,  and  evaporated  it  at  a  gentle  heat.  The 
refiduum  taken  up  by  diftilled  water  being  filtered,  there  re¬ 
mained  on  the  filter  a  blackifh  yellow  refiduum,  and  the  li¬ 
quor  had  affumed  a  flight  yellow  colour.  The  refiduum  was 
treated  with  nitric  acid ;  but  notwithftanding  the  care  em¬ 
ployed  in  this  operation,  no  oxalate  of  lime  was  found.  The 
acid  liquor  abfolutely  contained  none  of  it.  The  fulphur 
which  remained  was  burnt  in  a  platina  crucible,  and  left  no 
refiduum  whatever. 

Hoping  that  this  experiment  would  fucceed  better  with  a 
ftronger  heat,  the  fame  quantities  of  oxalate  of  potafh  and 
fulphur  were  employed,  and  the  mixture  was  placed  in  a 
platina  crucible  over  a  naked  fire.  Half  an  hour  after,  being 
brought  to  a  red  heat,  it  was  taken  off,  and  the  inafs  obtained 
was  treated  with  diftilled  water,  which  affumed  a  dark  yel¬ 
low  colour,  and  the  real  fmell  of  an  hydrogenated  fulphuret. 
The  liquor  was  filtered,  but  no  lime  was  found  in  the  refidu¬ 
um.  This  refiduum,  which  weighed  only  two  centigrammes, 
was  found  to  be  charcoal,  furnifhed  in  all  probability  by  the 
potafh  employed,  which  had  been  purified  with  alcohol.  I 
affined  myfelf  that  all  the  oxalate  of  potafh  had  been  decom- 
pofed,  and  that  there  had  reful  ted  from  it  a  fulphate  of  • 
potafh.  ' 

Exp.  TV.  They  put  oxalate  of  ammonia  into  very  pure 
oxygenated  muriate  of  potafh,  and  eaufed  it  to  evaporate  at 
feveral  times,  taking  care  to  maintain  an  excefs  of  nitric 
acid  to  diffolve  the  oxalate  of  lime  which  was  formed.  In 
this  manner  a  very  large  quantity  was  obtained. 

This  fourth  experiment,  which  appears  to  be  that  which 
has  hitherto  given  to  the  above  authors  the  moft  lime,  by  the 
decompofition  of  the  hyper-oxygenated  muriate  of  potafh, 
was  made  with  great  care,  but  always  without  fuccefs.  As 
thefe  authors  do  not  fpeak  of  the  quantities  employed,  I  {hall 
give  an  account  of  my  experiment. 

I  took  16  grammes  of  hyper-oxygenated  muriate  of 
potafh,  pure  and  cryftallized,  and  8  grammes  of  oxalate  of 
ammonia,  alfo  pure  and  cryftallized,  and  put  them  into  a 
porcelain  capfule,  with  two  decilitres  and  a  half  of  diftilled 
water.  The  capfule  being  placed  on  a  fand-bath,  the  mix¬ 
ture 
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ture  was  evaporated  to  drynefs  5  and  towards  the  end  of  the 
evaporation  care  was  taken  to  add  a  gramme  of  nitric  acid  to 
diflolve  the  oxalate  of  lime  which  might  be  produced.  The 
evaporation  was  repeated  four  times  fucceffively,  adding  wa¬ 
ter  at  each  operation,  and  a  gramme  of  nitric  acid.  The 
reliduum  was  then  taken  up  by  a  new  quantity  of  diftilled 
water,  which  completely  diffolved  the  whole  of  the  matter* 
As  there  were  fome  atoms  difleminated  throughout  the  li¬ 
quor,  it  was  filtered,  but  it  was  not  poffible  to  appreciate  the 
refiduum,  as  the  liquor  was  very  clear.  The  nitric  acid  was 
faturated  with  ammonia,  to  precipitate  the  oxalate  of  lime; 
but  in  vain  was  an  excels  added,  for  the  liquor  hill  remained 
clear. 

The  fame  experiment  performed  cold  did  not  exhibit  more 
fuccefsful  refults,  though  the  mixture  remained  fifteen  days 
in  contabf,  as  recommended  by  the  authors  above  mentioned* 
Exp .  V.  The  fifth  experiment,  which  feems  to  have  con¬ 
firmed  C.  Guyton  and  Deformes  in  the  opinion  they  had 
formed  of  the  converfion  of  potafh  into  lime,  is  that  which 
they  performed  with  hyper-oxygenated  muriate  of  potafh  and 
the  phofphoric  acid.  After  treating  a  mixture  of  20  grammes 
of  this  fait  with  10  grammes  of  acid  till  reduced  to  glafs, 
they  diffolved  it  in  water ;  and,  having  faturated  the  excefs  of 
acid  by  ammonia,  filtered  the  liquor,  -expofed  jt  to  evapora¬ 
tion,  and  made  it  again  pafs  to  the  {fate  of  glafs.  By  fix  dif¬ 
ferent  evaporations,  they  obtained  two  or  three  grammes  of 
phofphate  of  lime,  as  they  believed. 

ill,  The  hyper-oxygenated  muriate  of  potafh,  decompofed 
by  the  phofphoric  acid,  obferving  the  proportions  above  an¬ 
nounced,  produces,  by  evaporation  to  drynefs,  avitriform  mat¬ 
ter,  a  part  of  which  remains  infoluble  in  the  water  under  the 
form  of  a  granulated  white  powder  brilliant  like  fait. 

2d,  The  liquor  feparated  from  the  infoluble  part  being 
again  calcined,  fijll  leaves  a  certain  quantity  of  infoluble 
powder  fimilar  to  the  former ;  a  third  calcination  produces 
the  fame  effect;  and  fo  in  fucceffion,  till  the  matter  is  almoft 
entirely  converted  into  this  infoluble  powder. 

3d,  If  the  calcination  is  performed  in  a  ftrong  heat,  and 
continued  a  long  time,  the  quantity  of  the  infoluble  powder 
is  more  confiderable,  and  fewer  calcinations  are  required  to 
ponvert  the  matter  into  this  powder. 

It  is  feen  by  the  three  preceding  paragraphs,  that  we  ob¬ 
tained  a  great  deal  of  this  fait;  it  is  indeed  not  difficult  to 
procure  it.  We  {ball  now  defcribe  the  experiments  to  which 
we  fubjehted  it,  and  which  evidently  proves  that  this  fait  is 
not  phofphate  of  lime. 


4th, 
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4th,  This  infoluble  powder  has  no  favour;  it  is  infoluble 
in  cold  water,  but  it  is  fallible  in  boiling  water  in  notable 
proportions. 

5th,  Though  this  matter  be  little  foluble  in  water,  lime- 
water  however  produces  in  the  liquor  a  very  fenfible  precipi¬ 
tate.  Nitrate  of  filver  furnifhes  one  alfo,  which  is  foluble  in 
nitric  acid. 

6th,  Ammonia  occafions  no  change  in  the  folutioh  of  the 
matter  in  queftion.  As  little  effehi  is  produced  by  the  fixed 
alkalies. 

7th,  The  oxalate  of  ammonia  made  no  alteration  in  the 
above  liquor,  which  it  would  certainly  have  done,  had  there 
been  a  fuitable  quantity  of  lime. 

8th,  This  fait  is  exceedingly  fufible.  By  the  blow-pipe  it 
fufes  into  a  pearl,  tranfparent  while  in  a  ftate  of  fufion,  but 
which  on  cooling  becomes  opake. 

9th,  This  powder  is  foluble  in  the  nitric,  muriatic,  and 
even  phofphoric  acids.  Thefe  folutions  are  thick,  vifcous, 
and  tenacious,  like  clear  liarch.  When  thefe  folutions  are 
fufficiently  diluted  with  water,  they  give  no  precipitates  by 
alkalies ;  but,  if  concentrated,  they  give  one,  which  rediffolves 
in  a  large  quantity  of  water. 

From  all  thefe  experiments  we  are  authorized  to  conclude 
the  citizens  Guyton  and  Deformes  took  an  alkaline  phofphate 
for  phofphate  of  lime.  This  phofphate,  which  is  fcarcely  fo- 
•  luble,  as  above  feen,  is  not  a  lini pie  phofphate;  for  it  is 
known  that  the  alkaline  phofphates  are  very  foluble,  efpecially 
that  of  potafh ;  but  it  was  not  before  known  that  in  the  ex¬ 
periment  of  which  we  have  given  an  account  there  is  formed 
a  new  phofphate,  which  ought  to  be  diftinguifhed  by  the 
name  of  neutral  phofphate.  The  following  experiment  ferves 
alio  to  confirm  this  reafoning,  and  confirms  in  an  irrevoca¬ 
ble  manner  all  thofe  delcribed, 

i  mixed  a  certain  quantity  of  phofphate  of  potafh  with 
pure  potafh,  placed  the  mixture  in  a  platina  crucible,  and 
expofed  it  to  a  ftrong  heat.  I  obtained  for  refult  a  white  fub- 
ftance,  alrnoft  infoluble,  which  poflefied  all  the  properties  of 
the  fait  obtained  in  the  la  ft  experiment,  and  which  was  again 
afcertained  to  be  a  real  phofphate  of  potafh  with  an  excels  of 
bafe.  This  kind  of  f’ynthefis  ftill  proves  that  the  phofphate 
of  lime  defcribed  by  the  above  authors  is  only  this  new  fait, 
which,  on  account  of  its  apparent  properties  and  infolubilitv, 
has  been  too  little  examined. 

Exp.  Yf.  By  treating  hyper-oxvgenated  muriate  of  foda 
In  the  fame  manner  as  that  of  potafh;  thefe  authors  announce 

that 
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that  they  extracted  from  fix  grammes  of  this  fait  one  gramme 
of  magnefia. 

To  repeat  this  experiment,  the  hyper-oxygenated  muriate 
of  foda  was  made  by  faturating  with  oxygenated  muriatic  gas 
a  folution  of  pure  carbonate  of  foda.  When  this  fait  was 
formed,  it  was  evaporated  to  drynefs  in  a  porcelain  capfule; 
and  6  grammes  of  it  in  this  ftate  were  put  into  a  platina  cru¬ 
cible,  when  fufed  phofphoric  acid  was  added  in  fmall  por¬ 
tions.  The  mixture  immediately  became  yellow,  and  a  great 
deal  of  oxygenated  muriatic  acid  was  difengaged,  as  was  the 
cafe  in  the  experiments  made  with  oxygenated  muriate  of 
potafh.  I  continued  to  add  phofphoric  acid  till  nothing  more 
was  difengaged  ;  upon  which,  a  ftrong  heat  being  applied, 
the  whole  mafs  became  liquid.  After  cooling  there  was 
found  a  vitreous  matter,  brittle,  flightly  deliquefcent,  and 
wholly  foluble  in  water.  When  the  liquor  had  become  very 
clear,  an  attempt  was  made  to  precipitate  from  it  the  mag¬ 
nefia,  by  the  help  of  potafh;  but  having  obtained  not  a  fingle 
atom  of  precipitate,  the  experiment  was  repeated  feveral  times, 
but  always  without  fuccefs.  From  what  has  been  faid,  it  is 
evident  that  the  magnefia  obtained  by  the  above  authors  can 
not  have  arifen  but  from  the  foda  which  they  employed;  for 
it  is  known  that  foda  is  very  often  accompanied  with  mag¬ 
nefia.  In  this  experiment,  as  in  the  fifth,  the  platina  is 
ftrongly  attacked.  In  two  trials  i  had  a  refiduum  of'  eight 
centigrammes  of  this  metal. 

Exp,  VII.  Nitrate  of  foda  treated  by  the  phofphoric  acid 
gave  to  the  above  authors  magnefia.  I  repeated  this  experi¬ 
ment  four  times  without  obtaining  the  fame  refult.  I  varied, 
but  in  vain,  the  dofes  of  the  fait  and  the  acid,  as  well  as  the 
mode  of  operation ;  but  by  employing  as  much  as  30 
grammes  at  a  time  of  nitrate  of  foda,  and  10  of  acid,  I  ob¬ 
tained  only  a  blackifh  refiduum  weighing  four  centigrammes, 
which  was  found  to  be  filex  coloured  by  charcoal.  Thole 
who  recollebf  the  exiftence  of  this  earth  in  the  phofphoric 
acid  difcovered  by  C.  Vauquelin,  will  be  able  to  account  for 
the  filex  found  in  this  experiment. 

I  muff  inform  thofe  who  may  wifh  to  repeat  this  experi¬ 
ment,  that  they  muff  not  employ  phofphorous  acid  for  phof¬ 
phoric  acid  ;  for  when  the  former  is  employed,  and  poured 
over  the  red  and  fufed  nitrate,  a  very  ftrong  deflagration  is 
produced,  the  matter  is  thrown  frem  the  crucible,  and  fpeed- 
ily  burns  every  thing  that  it  meets  with.  This  obfervation 
ought  to  he  recolledled  in  regard  to  the  Experiments  5  and  6. 

Exp,  VI fl.  In  this  eighth  experiment,  when  potafh  was 
heated  with  charcoal,  and  when  the  capfule  containing  the 

mixture 


35®  On  the  Analyjis  and  Synthefis 

mixture  was  brought  to  a  red  heat,  they  obtained,  for  fe~ 
fiduum,  carbonate  of  potafh,  lime,  magnefia,  and  even  fome 
alumine. 

Without  defcribing  all  the  fruitlefs  trials  made  to  find  the 
three  earths  produced  in  this  experiment,  I  {hall  relate  fome 
of  them,  which  prove  that  thefe  pretended  converlions  arife 
only  from  the  impurity  of  the  charcoal  employed. 

Having  made  choice  of  light  charcoal  from  white  wood,  it 
was  pulverized  and  ftrongly  calcined.  Sixteen  grammes  of 
pure  potafh  and  eight  grammes  of  this  calcined  charcoal 
were  then  exactly  mixed,  by  moiftening  it  with  a  little  wa¬ 
ter;  after  which  it  was  put  into  a  platina  capfule,  and 
brought  to  a  red  heat.  The  refiduum,  after  being  edulco- 
rated  with  water,  to  feparate  from  it  all  the  potafh,  was 
treated  with  nitric  acid.  The  folution,  when  filtered,  gave  by 
evaporation  a  glutinous  matter,  found  to  be  filex.  The  ni¬ 
trates  feparated  from  this  filex  gave  lime  and  magnefia. 

Prefuming  that  the  charcoal  might  he  the  caufe  of  the 
prefence  of  the  lime  and  magnefia  found  in  this  experiment, 
I  thought  it  my  duty  to  allure  myfelf  of  it  by  analyfing  that 
employed. 

I  burnt  2i  6  parts  of  the  fame  charcoal  to  reduce  it  to 
afhes,  taking  care  to  employ  a  platina  crucible ;  the  afhes 
obtained  weighed  only  91  parts.  This  refiduum  was  treated 
with  the  nitric  acid.  By  proper  evaporations^  the  prefence  of  a 
great  deal  of  carbonate  and  fulphate  of  lime  was  afcertained. 
The  products  obtained  feparately  by  the  common  procefTes 
gave  filex  41,  magnefia  16,  lime  12,  alumine  3. 

For  the  fake  of  greater  preeifion,  and  to  be  more  fully  con¬ 
vinced  in  regard  to  the  exiftence  of  lime  in  the  charcoal,  as 
well  as  to  prove  that  the  lime  found  by  C.  Deformes  arofe' 
only  from  the  charcoal  employed,  I  made  the  following  ex«* 
periment : 

I  took  four  grammes  of  pure  charcoal  obtained  from  the 
decompofition  of  the  carbonic  acid  by  phofphorus,  and,  hav¬ 
ing'  mixed  it  with  18  grammes  of  pure  potafh,  put  it  into  & 
platina  capfule,  and  brought  it  to  a  red  heat,  having  pre- 
vioufly  taken  care  to  moiften  it.  The  matter  which  thence 
relulted  being  treated  with  water,  there  remained  a  black  re¬ 
fiduum,  which  was  treated  with  nitric  acid,  and  the  folution 
diluted  with  water  was  filtered.  This  nitric  folution  was 
mixed  with  oxalate  of  ammonia;  but  this  fait  produced  no 
alteration  in  the  above  liquor,  even  when  the  excefs  of  acid 
was  faturated  bv  ammonia :  which  it  could  not  have  failed  to 
do  had  there  been  ever  fo  little  lime,  or  even  magnefia  and 
alumine*  This  would  be  the  place  for  calling  the  reader's 

attention 
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attention  to  the  difference  of  the  phenomena  by  pure  fub- 
dances  and  thofe  which  are  not  fo ;  but  I  fhall  confine  my- 
felf  to  mention  that  exhibited  by  the  experiment  in  queftion. 

When  the  pure  charcoal  is  treated  with  potafh,  as  above 
faidj  and  when  an  acid  is  added  to  the  folution  fepa'rated 
from  the  charcoab  in  order  to  faturate  the  potafh,  no  other 
phenomenon  is  obferved  than  a  difengagement  of  carbonic 
acid  gas,  which  thepotafh  has  abforbed  during  the  courfe  of 
operation. 

But,  in  head  of  pure  charcoal,  if  that  which  we  firft  em¬ 
ployed  be  made  ufe  of,  that  is  to  fay,  charcoal  of  white  wood  ; 
by  faturating  the  potafh  employed,  a  very  different  refult  will 
be  obtained.  The  acid,  as  foon  as  poured  in,  produces  a  dif¬ 
engagement  of  carbonic  acid.  When  a  larger  quantity  is 
added,  a  great  deal  of  fulphurated  hydrogen  gas  is  produced  ; 
and  by  faturating  the  potafh  a  large  quantity  of  fulphur  is 
precipitated.  This  again  explains  the  hate  in  which  the  lime 
is  found,  and  perhaps  the  magnefia,  in  the  charcoal ;  for  there 
is  no  need  to  fay  that  the  fulphur  obtained  in  this  operation 
muft  arife  from  the  fulphuric  acid  decompofed.  There  is  no 
doubt  that  the  fulphates  of  lime  and  magnefia  contributed  to 
this  circumdance,  fince  the  quantities  of  thefe  earths  in  the 
charcoal  were  considerable.  This  dill  ferves  to  explain  the 
obfervation  made  by  C.  Deformes,  who  feveral  times  found 
lime,  magnefia,  and  alumine  in  the  fame  redduum.  By  re¬ 
collecting  that  thefe  three  earths  exift  in  charcoal,  it  will  be 
readily  feen  whence  they  arole. 

Exp.  IX.  By  treating  foda  with  charcoal  in  the  fame  man¬ 
ner  as  the  potadi  was  treated,  the  above  authors  obtained 
magnefia,  alumine,  and  lime.  It  is  here  feen  that  this  re- 
'  fult  is  the  fame  as  ought  to  be  given  by  common  charcoai.  f 
fhall  therefore  fay  nothing  further  refpeCting  this  experiment, 
than  merely  to  announce  that  in  treating  pure  foda  with 
pure  charcoal  (that  in  particular  arifing  from  the  decompo- 
fition  of  the  carbonic  acid),  none  of  the  above  earths  are  ob¬ 
tained. 

Exp.  X.  Muriate  of  potafh  treated  by  charcoal  gave  to 
Deformes  lime.  It  is  ijeedlefs  to  obferve,  in  this  tenth  ex¬ 
periment,  that  the  lime  arofe  from  the  charcoal;  fince,  when 
pure  matters  are  employed,  none  of  that  fob  dance  is  found. 

Exp.  XI.  The  eleventh  experiment,  which,  befides  lime, 
gave  magnefia  and  alumine,  will  not  give  any  of  thefe  earths 
when  pure  charcoal  is  employed.  This  experiment  was  made 
with  muriate  of  foda  and  charcoal. 

Exp .  XII.  The  twelfth  experiment,  which  gave  exactly 
the  fame  refults  as  the  eleventh,  was  made  by  treating  mu¬ 
riate 
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riate  of  foda  with  fulphur.  As  charcoal  had  not  been  here 
employed,  I  took  great  care  to  repeat  this  experiment  feveral 
times;  but  always  without  fuccefs,  I  cannot  prefume  to 
fay  what  may  have  been  the  caufe  of  the  refult  obtained  by 
the  above  authors :  it  can  be  afcribed  only  to  the  matters 
they  employed,  fince,  with  pure  muriate  of  foda  and  fubli- 
rnated  fulphur,  I  could  difcover,  in  the  two  experiments  I 
made,  no  traces  either  of  lime,  magnefia,  or  alumine. 

Exp.  XIII.  As  the  thirteenth  experiment  is  of  no  ufe  in 
regard  to  the  theory  of  Guyton  and  Deformes,  it  is  needlefs 

lw'  •  p  •  ^ 

to  give  any  account  oi  it. 

Exp .  XIV.  By  mixing  fulphate  of  foda  with  lime,  thefe 
authors  thought  they  perceived  a  difengagement  of  ammonia  : 
1  alfo  thought  I  obferved  the  fame  difengagement  in  the  va¬ 
pours  produced  by  the  muriatic  acid  when  brought  into  con¬ 
tact  with  the  mixture.  Lime  alone,  though  extracted  from 
marble,  gave  by  the  fame  acid,  when  moiftened,  white  va¬ 
pours.  I  am  not  convinced  that  this  difengagement,  fenfible 
only  on  the  approach  of  the  muriatic  acid,  arofe  from  am¬ 
monia  ;  for,  though  I  employed  a  large  mafs  of  matter,  I 
never  could  diftinguifli  that  alkali  by  the  fmell.  The  vapours 
occaiioned  by  the  muriatic  acid  were  perhaps  owing  only  to 
the  heat  produced  at  the  time  of  the  mixtures,  and  alfo  to 
the  gredt  affinity  which  the  acid  employed  has  for  water. 
How,  indeed,  can  we  explain  the  formation  of  this  fubflance 
by  the  combination  of  lime  with  pure  water?  or  how  can 
we  conceive,  if  it  is  not  formed,  that  it  can  co-exift  with 
lime,  which,  as  is  well  known,  poffeffes  the  property  of  ex¬ 
pelling  ammonia  wherever  it  is  found  ? 

Exp .  XV.  In  the  fifteenth  experiment,  thefe  authors 
thought  alfo  that  they  remarked  a  difengagement  of  am¬ 
monia,  by  combining  intimately  together  lime,  fulphur,  and 
water. 


Exp.  XVI.  The  fixteenth  experiment  makes  mention  of 
an  analogous  trial  as  fimple  as  the  preceding.  In  my  opi¬ 
nion,  the  explanation  of  thefe  experiments  will  be  fufficiently 
developed  in  the  eighteenth  experiment,  f  nee  it  is  that  which, 
according  to  thefe  authors,  gave  a  great  deal  of  ammonia. 

Exp .  XVII.  By  this  experiment  the  above  authors,  inflead 
of  decompofing  the  lime,  attempted  to  compofe  it.  The  pro- 
cefles  which  they  employed  for  this  purpofe  were  as  follow  : 

They  formed  nitrate  of  alumine,  which  they  decompofed, 
at  feveral  times,  by  heat ;  by  this  fimple  means  they  obtained 
lime. 

Nitrate  of  magnefia  was  employed  with  the  fame  fuccefs. 

Alter  having  carefully  prepared  the  two  nitrates,  which 
6  they 
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they  made  life  of  for  this  compofition,  I  took  twenty  grammes 
of  the  nitrate  of  alumine,  and  expofed  it  to  a  ftrong  heat  in  a 
platina  crucible.  After  three  different  and  ftrong  evapora¬ 
tions  to  drynefs,  I  obtained  an  earth  perfectly  white,  and 
infoluble  in  water.  When  treated  with  nitric  acid,  it  was 
entirely  diffolved.  This  nitric  liquor,  which  was  very  clear, 
was  mixed  with  oxalate  of  ammonia  ;  but  this  re-agent  pro¬ 
duced  no  change.  The  addition  of  ammonia,  fo  as  to  faturate 
the  acid,  was  tried,  but  in  vain ;  it  was  only  by  an  excefs 
that  a  precipitate  was  obtained,  but  which,  being  foluble  in 
potafh,  was  found  to  be  alumine ;  confequently  I  did  not  find 
an  atom  of  lime.  It  is  true,  that  to  prepare  my  nitrate  of 
alumine  I  employed  an  earth  perfe&ly  pure,  extracted  from 
a  natural  (tone  at  the  time  of  my  experiments  on  the  affinity 
of  earths.  The  acid  employed  was  alfo  very  pure. 

The  nitrate  of  magnefia,  notwithstanding  all  my  care,  did 
not  give  a  more  fatisfaHory  refult :  the  lime  found  by  Del¬ 
ormes  was,  no  doubt,  accidental.. 

E\p.  XVIII.  This  experiment,  which  calls  to  mind  the 
14th,  15th,  and  1 6th,  on  account  of  the  fame  phaenomenon 
by  which  they  are  conne&ed,  is  that  which  increafed  the 
opinion  of  the  above  authors  on  the  recompofition  of  fimple 
earths.  Having  inftantaneoufly  made  fulphuret  of  potafh, 
and  added  oxalic  acid,  they  obtained,  as  they  announce,  a 
fenfible  difengagement  of  ammonia  inftead  of  fulphurated 
hydrogen,  and  the  refiduum  was  magnefia. 

After  making  two  trials  in  a  porcelain  mortar  without 
difcovering  ammonia,  but  a  product  extremely  fetid,  which 
I  fufpe&ed  might  conceal  the  alkali  I  fought  for,  to  affure 
myfelf  of  it  I  made  the  following  experiments  : 

1  ft,  I  mixed  30  grammes  of  pure  potafh  with  13  grammes 
of  fublimated  fulphur,  and  the  mixture  exa£tly  made  was  put 
into  a  tubulated  retort  with  two  decilitres  of  water.  To  the 
beak  of  the  retort  I  adapted  a  bent  tube,  which  was  immerfed 
in  a  folution  of  fulphate  of  iron  at  its  maximum  of  oxidation. 
By  the  difpofition  of  my  experiment  it  is  feen  that  I  mud 
have  perceived  the  fmallefl  portion  of  ammonia;  for  it  is 
known,  that  if  the  fulphurated  hydrogen  does  not  precipitate 
the  fulphate  of  iron  green,  an  atom  of  this  gas  combined 
with  ammonia  will  immediately  manifell  itfelf.  My  appa¬ 
ratus  being  thus  arranged,  I  poured  into  the  retort  fix  gram¬ 
mes  of  pure  and  cryftallized  oxalic  acid.  A  ftrong  difen¬ 
gagement  of  fulphurated  hydrogen  was  immediately  pro¬ 
duced;  the  ftafk  containing  the  fulphate  of  iron  was  agi¬ 
tated  a  long  time  by  this  gafeous  fluid  ;  but  when  the  opera- 
Vqj,.  XI,  Z  tion 
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tion  was  finifhed  there  was  not  a  fingle  atom  of  precipitate 
produced  in  the  liquor.  This  experiment,  which  I  think 
one  of  the  mo  ft  exact  for  afeertaining  the  ammonia  that 
might  have  exifted  or  been  produced  in  this  operation;  evi¬ 
dently  proves,  that  if  the  above  authors  obtained  any,  this 
alkali  muft  have  arifen  from  fome  other  caufe  than  that  of  a 
decompaction  of  the  fub  fiances  employed,  if  they  were  pure. 

The  refiduum  examined  in  three  operations  gave  no  mag- 
pefia.  I  muff  here  obferve  that  I  employed  fulphur,  which 
I  Sublimated  myfelf. 

To  remove  all  doubt  refpe&ing  this  experiment,  and  to  be 
more  certain  of  my  refults,  I  made  a  fecond,  but  ftill  without 
fuccefs. 

The  apparatus  being  arranged  as  in  the  preceding  experi¬ 
ment,  I  put  in  the  place  of  the  Sulphate  of  iron  muriatic 
acid,  and  began  my  operation.  After  all  disengagement  had 
ceafed,  I  took  the  muriatic  acid,  which  I  evaporated  at  a 
geptle  heat;  but,  not  being  able  to  obtain  an  atom  of  faline 
refiduum,  I  poured  lime  into  the  fmall  quantity  of  liquor 
which  remained.  I  added  more  than  was  neceffary,  but 
notwithftanding  all  my  precautions  I  had  no  difengagement 
of  ammonia.  It  is  now  Seen,  by  thefe  two  experiments,  that 
no  difengagement  of  ammonia  is  produced ;  for,  I  muff  re¬ 
peat  it,  muriate  of  ammonia  would  have  been  formed  in  the 
faff,  and  in  the  firff  iron  would  have  been  precipitated  :  no¬ 
thing  is  difengaged  but  Sulphurated  hydrogen  gas  in  very  large 
quantity,  and  the  refiduum  contains  no  magnefia. 

jE xp.  XIX.  This  laft  experiment  the  above  authors  made 
by  taking  the  charcoal  of  fugar,  which  they  mixed  with  lime 
extrabted  from  marble :  this  mixture  being  expofed  to  a 
Ifrong  heat  in  a  platina  crucible  well  flopped,  they  obtained 
alumme  and  magnefia. 

O  a  # 

As  they  do  not  give  the  proportions  of  the  matters  em¬ 
ployed  in  this  experiment,  nor  the  quantities  of  the  produbts 
obtained,  I  prefume  that  they  confidered  it  only  as  a  new 
proof  in  favour  of  the  theory  they  have  eflablifhed. 

I  repeated  this  experiment,  and  employed  charcoal  of 
fugar  and  pure  charcoal.  With  the  charcoal  produced  from 
40  grammes  of  cryftallized  fugar,  I  obtained  a  little  alumine: 
the  produbl  eoll^bted  weighed  only  fix  centigrammes ;  per¬ 
haps  it  contained  magnefia.  In  my  fecond  operation,  when 
I  employed  pure  charcoal,  I  had  not  a  fingle  atom  of  the 
above-mentioned  earths :  it  is  therefore  feen  that  the  pro- 
dubls  obtained  in  this  experiment  arofe  from  the  impurity  of 
the  matters  emplpyed. 
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Conclujion. 

If  the  experiments  I  have  defcribed  in  the  courfe  of  this 
memoir  are  exadt,  and  if  I  have  properly  obferved  the  phe¬ 
nomena  they  exhibited,  the  refnlt  will  be,  that  the  fadts  an¬ 
nounced  by  C.  Guyton  and  Deformes,  though  for  the  moft 
part  true,  cannot  lead  to  the  conclufions  which  they  have 
deduced  from  them,  on  account  of  the  nature  of  the  fub- 
ftances  which  they  employed :  we  muft  therefore  conclude, 
till  otherwife  (hown,  that  the  alkalies  and  earths  muft  be 
retained  in  the  clafs  of  fimple  or  indecompofed  bodies ;  that 
the  experiments  of  thefe  chemifts  do  not  prove  that  potafh 
is  formed  of  lime  and  hydrogen;  that  magnefia  and  azote 
produce  lime;  that  azoted  alumine  conftitutes  magnefia; 
and,  in  the  laft  place,  that  magnefia  and  hydrogen  give  birth 
to  foda.  I  do  not,  however,  pretend  that  thefe  lubftances 
are  fimple,  but  only  that  the  fadts  adduced  as  a  proof  are  not 
proper  to  prove  it. 


LVII.  Extrati  of  a  Letter  from  M.  Von  Humboldt 

to  Lalande. 

ACaraccas,  Dec.  14,  1799. 

FEW  weeks  after  my  arrival  in  South  America,  I 
tranfmitted  to  Delambre  an  extradl  from  my  aftronomical 
obfervations,  becaufe  I  hoped  that  fome  of  them  might  be 
interefting  to  the  Board  of  Longitude :  as  I  have,  however, 
learned  that  the  brig  by  which  I  fent  my  letters  was  wrecked 
near  Guadaloupe  during  the  ftorm  which  lately  prevailed  in 
thefe  regions,  I  think  it  neceflfary  to  tranfmit  to  you  a  copy 
of  them. 

After  a  paflfage  of  about  fix  weeks,  in  the  frigate  Pizarro, 
I  arrived  at  the  coaft  of  Paria.  My  plan  was  to  proceed  firft 
to  the  Havannah,  and  thence  to  Mexico ;  but  I  could  not 
withftand  the  ftrong  defire  I  had  of  feeing  the  wonders  of  the 
Oronoko,  and  the  lofty  Cordilleras,  which  extend  from  the 
high  land  of  Quito  to  the  rivers  of  Guarapeche  and  Arco. 
As  I  have  now  returned  from  a  very  interefting  journey  to 
the  interior  of  Paria,  through  the  Cordilleras  of  Cocolar,  Tu- 
meri,  and  Guiri,  and  to  the  fettlement  there  of  the  Capuchins, 
never  before  vifited  by  any  naturalift,  during  which  1  carried 
with  me,  on  three  mules,  my  aftronomical  inftruments,  viz. 
a  quadrant  by  Bird,  and  fejctants,  telefcopes,  and  microme¬ 
ters,  by  Ramfden  and  Troughton,  you  will  perhaps  expeift 
that  I  have  done  a  great  deal  for  aftronomy ;  but  you  know 
that  this  fcience  is  too  remote  from  my  principal  objects — > 
philofophy  in  general,  geology,  eudiometry,  and  the  phyfi- 
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ol°gy  of  plants  and  animals;  and  under  the  latitude  of  io* 
it  is  impoffible  to  labour  fo  incefi'antly  as  under  490.  I  cholc 
rather  to  make  a  few  obfervations  with  accuracy,  than  a  great 
many  imperfect  ones;  and  to  infert  them  with  great  minute- 
nefs  in  my  journals,  that,  in  cafe  I  fhould  die  in  the  courfe 
of  my  travels,  no  doubt  might  remain  in  regard  to  their 
exahtnefs. 

In  the  two  papers  which  I  tranfmitted  to  Delambre,  you 
will  find  my  obfervations  made  in  Europe  with  Borda’s  new 
inclinatorium.  I  found  bv  it,  that  local  circumftances  have 
a  greater  influence  on  the  inclination  of  the  magnetic  needle 
than  on  its  declination;  and  that  no  connexion  feems  to 
exifl  between  the  fituation  of  the  place  of  obfervation  and  the 
inclination.  This  I  find  confirmed  in  the  new  world  in  the 
interior  of  New  Andalufia,  and  therefore  the  obfervations 
made  by  Nouet  in  Egypt  feem  to  be  eftablifhed.  The  de¬ 
clination,  however,  is  afie£ted  by  local  caufes,  but  much  lefs  : 
at  Tea  they  are  much  more  regular,  and  the  variations  are 
much  more  uniform. 

I  have  here  given  you  my  obfervations  of  the  inclination 
only,  which  are  true  to  15'.  During  calms  I  obtained  them 
at  fea  with  more  accuracy,  and  the  periods  of  the  vibrations 
of  the  needle  could  be  determined  very  exactly.  If  the  fame 
number  is  counted  in  the  fame  time  during  five  or  fix  repeated 
trials,  and  if  this  is  ftill  the  cafe  when  the  inftrument  is 
moved  from  its  place,  the  refults,  in  my  opinion,  may  be 
confidered  as  correct.  Though  calms  are  not  uncommon 
between  the  tropics,  during  the  courfe  of  forty  days  I  was 
able  to  make  only  ten  very  accurate  obfervations. 


Places  of  Observation,  1799. 

Latitude. 

|  Longitude 
!  irom  the 
First  Meridian. 

Inclination. 
Centigrade  <  Old 

Degrees.  |  Degrees. 

Magnetic  Power. 
Number  of  Vibrations 

1  in  Ten  Minutes. 

Paris  -  -  - 

- 

48° 

SP' 

15" 

20° 

o'  E 

77-15* 

69* 

28' 

245 

jNimes  -  -  - 

- 

43 

5° 

12 

21 

59 

72*65 

65 

23 

240 

Montpellier 

- 

43 

36  29 

2  r 

32-5 

*7  ->  •  y  r\ 

J  5  U 

65 

53 

245 

Marieilles  -  - 

- 

42 

17 

49 

23 

3*5 

72-40 

63 

10 

240 

Perpignan  -  - 

- 

42 

41 

53 

20 

33*5 

72‘5  5 

65 

18 

248 

Barcelona  -  - 

- 

4r 

23 

8 

19 

52 

71-80 

64 

37 

245 

Madrid 

- 

40 

23 

18 

1.3 

53 

75-20 

67 

41 

240 

Valencia  -  - 

- 

39 

28 

55 

17 

29 

70-70 

63 

38 

2  3  5 

Medina  del  Campo 

73'5° 

66 

9 

240 

Guadarama 

- 

— — - 

73 '5° 

66 

9 

24O 

Ferrol  -  -  - 

- 

43 

29 

0 

9 

24'5 

76‘iS 

68 

32 

2^7 

38 

52 

3 

40 

75' 1 8 

67 

40 

242 

37 

io 

3 

3° 

74-90 

67 

30 

242 

32 

*5 

54 

2 

52*5 

71  '50 

64 

21 

* - - 

In  the  Atlantic 

2<t 

15 

0 

0 

36  W 

67 

60 

18 

239 

Ocean  between  J 

21 

3  6 

p 

3 

39 

64*20 

57 

49 

23  7 

Africa  and 

20 

8 

0 

8 

34 

63 

56 

42 

23d 

America. 

14 

20 

0 

28 

3 

58-80  ' 

52 

55 

239 

12 

34 

0 

33 

H 

50-15 

45 

8 

2  74 

.fij 

IO 

46 

0 

4T 

24 

46-40 

41 

46 

229 

- 

10 

59 

3° 

44 

3 1*5 

46-50 

41 

5? 

237 

In 
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In  the  year  1 776,  according  to  Cavallo,  the  inclination  of 
the  needle  in  the  undermentioned  latitudes  and  longitudes 
was  as  follows  1 


Latitude. 

24°  34/ 
IO 
O 


Longitude. 

jS"  11' 


32  53 

37  3a 


Inclination. 

59° 

44 

3°  3 


Since  Coulomb  and  Cafhni  no  longer  employ  themfelves 
with  obferving  the  declination,  I  know  no  place  in  the  earth 
where  the  declination  has  been  determined  with  certainty  to 
1  o'1,  and  not  ten  where  it  has  been  determined  to  C.  What 
uncertainty  hill  prevails  refp ebbing  the  real  declination  of  the 
needle  at  Paris  !  The  ten  obfervations  which  I  made  at  fea, 
will  ferve  hereafter  to  determine  whether  the  inclination 
ipeedily  changes.  The  longitude  and  latitude  of  the  places 
of  obfervation  were  always  accurately  determined  at  the  time 
by  means  of  a  Kamfden’s  fextant,  divided  from  15  to  15  fe~ 
conds;  and  a  Berthoud’s  chronometer.  You  will  fee  by 
them  that  the  inclination  decreafes  very  rapidly  from  the 
latitude  of  370,  and  that  it  increaies  lei’s  towards  the  eaft 
than  to  the  weft  from  the  latitude  of  370  to  48°. 

It  appears  to  me,  that  in  the  higher  chain  of  the  calca¬ 
reous  mountains  of  this  province,  not  far  from  the  equator, 
fnial]  elevations  above  the  level  of  the  fea  derange  the  in¬ 
clination  much  more  itrongly  than  the  higher  mountains  in 
the  Pyrenees  and  Old  Caftile.  As  a  proof,  I  (hall  here 
give  obfervations  made  at  four  places  which  lie  pretty  nearly 
m  an  arch  from  north  to  fouth  (comprehending  24k) 


Places. 

Height  above 
the  Sea,  Paris 
Feet. 

Inclin 

Centigrade 

Decrees. 

O 

at  ion. 

Old 

Degrees. 

Vibrations  in 
Ten  Minutes, 

1 

Cum  ana 

24 

44*  20° 

39°  47' 

229 

Zueteppe 

i  r  t  x*2 

43*3° 

3 8  58 

229 

lmpoliibile 

147°- 

43' 1 5 

38  5° 

233 

Cumanacoa 

636 

43' 20 

3  s  53 

228 

Cocollar 

235  2 

42'6o 

38  20 

229 

Bordais  of  opinion,  as  appears  by  the  memorandum  drawn, 
up  for  the  men  of  fcience  who  accompanied  La  Peroufe,  that 
the  intenfity  of  the  magnetic  power  is  the  fame  all  over  the 
earth;  as  lie  aferibes  the  fmall  variation  which  he  found  in  / 
it  at  Cadiz,  Teneriff,  and  Breft,  to  the  imperfection  of  the 
compal's.  He  requefted  me  to  verify  this  circumhance.  You 
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here  fee  that  the  magnetic  power  is  fo  different,  that  between 
Paris  and  Cumana  it  decreafed  from  245  to  229  vibrations  in 
ten  minutes,  though  it  does  not  decreafe  with  the  inclina¬ 
tion.  This  decreafe  cannot  certainly  be  afcribed  to  any 
change  in  the  goodnefs  of  the  needle,  or  to  other  accidental 
caufes :  for  the  fame  needle  made  in  the  fame  time  at  Paris 
245  vibrations;  at  Girona,  232;  at  Barcelona,  245;  at  Va- 
lentia,  235  ;  and,  after  a  journey  of  feveral  months,  gave  at 
the  fame  places  exactly  the  fame  number  of  vibrations  as 
before  my  departure.  Thefe  are  always  the  fame,  in  the 
open  fields,  in  the  houfe,  or  in  a  cavern,  fo  that  the  mag¬ 
netic  power  in  any  place  is  always  the  fame,  and  remains  a 
long  time  without  change ;  and  feems  to  be  a  general  power, 
like  that  of  gravity. 

I  had  the  mortification  of  not  being  able  at  fea  to  make 
any  good  obfervations  of  the  declination.  Notwithftanding 
all  the  trouble  I  took,  I  could  not  find  an  azimuth  compafs 
on  which  I  could  depend  within  40'.  This  is  the  true  reafon 
why  I  have  made  no  mention  to  you  of  the  declination  at 
fea.  The  point,  however,  where  the  inclination  vanifhes, 
certainly  lies  further  to  the  weft  than  marked  in  Lambert’s 
chart,  in  the  Berlin  aftronomical  almanac  for  1779.  A  good 
obfervation,  made  in  the  year  1775  aboard  an  Englifh  fhip 
from  Liverpool,  places  this  vanifhing  point  in  latitude  290 
north,  long.  66°  4c/  weft.  I  obferved,  with  great  care,  the 
declination  at  two  places  on  the  coaft  of  America  with  a 
compafs  by  Lenoir,  in  which  the  needle  is  fufpended  by  a 
thread,  according  to  the  method  of  Prony  and  Von  Zach. 
At  noon,  0£lober  1799,  it  was  at  Cumana,  and  twenty 
leagues  further  eaft,  40  131  45"  eaft:  at  Caripe,  the  chief 
place  of  the  Capuchin  million  among  the  Chaimas  and 
Caribs,  30  15'  eaft. 

During  the  earthquake  at  Cumana,  on  the  4th  of  No¬ 
vember  1799,  the  inclination  of  the  magnetic  needle  was 
altered,  but  not  the  declination.  The  former,  before  the 
Ihock,  was  44°*2o  of  the  new  divifion ;  after  the  fhock  it 
remained  at  43° *35.  The  number  of  the  vibrations  of  the 
dipping  needle,  however,  was  the  fame  as  before,  viz.  229  in 
ten  minutes.  This,  united  to  other  obfervations,  feems  in  my 
opinion  to  prove,  that  during  the  earthquake  this  fmall  part 
ot  the  ball  of  the  earth  was  changed,  and  not  the  needle ; 
tor,  in  diftri&s  where  no  figns  of  an  earthquake  ever  appeared 
m  the  primitive  chain  of  accumulated  maffes  of  granite,  the 
inclination  was  as  great  after  as  before. 

On  account  of  the  intereft  which  you  take  in  every  thing 
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that  relates  to  navigation,  the  following  obfervations  will  not 
he  unacceptable. 

I  have  carefully  proved  what  Dr.  Franklin  and  Captain 
Jonathan  Williams  afifert  in  the  TranfaCtions  of  the  American 
Society  *  refpeCting  the  ufe  of  the  thermometer  for  difco- 
vering  (hallows  at  tea;  and  am  able  to  confirm,  in  the  fulled: 
manner,  what  they  have  faid.  I  was  aftoniflied  to  fee  how 
the  water  became  evidently  colder  as  its  depth  decreafed,  and 
how  the  neighbourhood  of  (hallows,  and  of  the  coads,  could 
thereby  be  announced.  The  word  fpirit  of  wine  thermo¬ 
meter,  if  only  fenfible,  will  therefore,  in  the  hands  of  the 
mod  ignorant  mariner,  be  a  very  ufeful  indrument  in  the 
night- time,  and  during  dorms,  or  when  it  is  difficult  or 
impoffible  to  heave  the  lead.  This  obfervation  I  cannot  too 
drongly  recommend  to  the  attention  of  the  Board  of  Longi¬ 
tude.  Our  whole  crew  were  adonifhed  to  fee  how  fpeedily 
the  thermometer  fed,  when  we  approached  the  large  bank 
which  extends  from  Tobago  to  Grenada,  and  ead  from  Mar¬ 
garita.  Thefe  obfervations  may  be  made  with  more  eafe,  as 
the  water  of  the  fea,  in  an  extent  of  12000  fquare  miles,  has 
always  the  fame  temperature  day  and  night;  fo  that  the  mod 
lenfible  thermometer,  during  from  four  to  fix  days  fail,  does 
not  rife  or  fall  above  0*3°.’  In  the  neighbourhood  of  dial- 
lows  it  W3S  from  2  to  3  degrees,  and  more,  colder.  This 
obfervation  of  Franklin,  hitherto  forgotten,  may  at  fome 
period  be  of  great  ufe  to  navigation ;  not  that  feamen  (hould 
throw  afide  the  lead  entirely,  and  trud  to  the  thermometer, 
for  this  would  be  folly;  butbecaufe  the  obfervations  may  be 
fo  eafily  repeated,  and  becaufe  the  thermometer  will  an¬ 
nounce  the  danger  much  fooner  than  the  lead,  as  the  colder 
water  above  the  (hallows  leflens  the  temperature  in  the  water 
in  the  neighbourhood.  I  can  afifert  that  this  new  mean  is 
not  more  uncertain  than  the  log,  and  the  helps  already  em¬ 
ployed  in  navigation.  If  the  thermometer  does  not  fall,  na¬ 
vigators  ought  not  to  depend  that  they  are  entirely  fecure 
from  (hallows ;  but  if  it  falls,  they  mud  be  on  their  guard. 
This  warning  is  certainly  more  valuable  than  our  fea  charts, 
where  the  (hallows  are  in  general  laid  down  in  a  very  in¬ 
correct  manner;  and  to  itnmerfe  a  thermometer  in  a  bucket 
filled  with  fea  water  is  certainly  much  eafier.  I  have  alfo 
meafured  feveral  times  the  fpecilic  gravity  and  temperature  of 
the  fea  water,  at  the  furface  and  at  certain  depths,  by  means 
of  Dollond’s  balance  and  thermometers,  which  are  placed  in 
cafes  furnifhed  with  a  valve.  As  my  indruments  were  com¬ 
pared  with  the  bed  Parifian  ones,  and  as  I  could  be  more 
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certain  in  regard  to  my  longitudes  than  is  ufual,  the  final! 
chart  in  which  I  intend  to  make  known  the  refult  of  thefe 
experiments  will  be  interefting.  In  the  latitude  of  170  and 
1 8°  north,  there  is  a  zone  in  the  fea  between  Africa  and  the 
Weft  Indies,  where,  without'  an  extraordinary  current  pre¬ 
vailing,  the  water  is  denfer  than  under  a  lefs  latitude.  The 
following  are  fome  of  my  refults  refpe£ting  the  temperature 
©f  the  fea  water : 


North  Lat. 

Long,  from 
the  Firft 
Meridian. 

Temperature 

of  the  Sea  Water  r  ,  . . 

„  ,  c  r  1  or  the  Air. 

at  the  Surface. 

43° 

29' 

9° 

29/  E. 

12° 

1 

0 

CO 

M 

39 

10 

3 

4I‘5 

12 

!3 

3 6 

3 

2 

57 

.  32 

14 

35 

8 

2 

l5 

*3 

16.5 

3Z 

2 

5^5 

I4‘2 

I3‘5 

3° 

.35 

3 

6 

*5 

l6 

28 

55 

2 

3T5 

'5 

17 

2  6 

51 

— 

47 

1 6 

15 

20 

8 

8 

33 w  • 

1 7 

]6 

18 

53 

10 

5 

17-4 

37 

18 

8 

J3 

2 

17-9 

19 

17 

26 

l5 

2  6 

j  8 

l6 

*5 

22 

22 

49 

18-5 

20 

14 

57 

24 

40 

19  0 

17 

13 

5i 

3° 

2*5 

19*8 

18*9 

10 

46 

41 

24 

20*7 

20*3 

10 

28 

46 

3i 

21 

17  to  27 

10 

29 

46 

35 

17^8 

23 

This  letter  was  written  at  Cumana,  but  for  want  of  a 
proper  opportunity  1  was  obliged  to  bring  it  with  me  to  this 
large  capital  of  the  province  of  Caraccas,  which  is  fituated 
in  a  fertile  valley  abounding  with  cacao,  cotton,  and  coffee, 
2400  feet  above  the  level  of  the  fea,  and  in  a  climate  per¬ 
fectly  fimilar  to  that  of  Europe.  The  thermometer  in  the 
night-time  falls  to  n°,  and  in  the  day  never  rifes  above  170 
or  1 8°. 

The  cloudy  weather,  which  here  daily  follows  the  fun’s 
paflage  over  the  meridian,  makes  the  obfervation  of  corre- 
fponding  altitudes  very  difficult  and  uncertain,  as  the  after¬ 
noon  obfervation  is  often  loft.  The  cloudy  weather  after  tfye 
earthquake  of  Cumana  deprived  me  of  an  opportunity  of  co- 
ferving  the  immerfions  of  the  fecond  fatellite  of  Jupiter  on 
the  2d  and  9th  of  November.  I  lhall  here  give  you  the  prn-  ' 
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cipal  determinations  of  the  longitude,  which  I  made  by  means 
of  BerthoucTs  chronometer,  from  the  obferved  horary  angles. 
Cum  ana,  cattle  of  St.  Antonio,  lat.  io°  if  37"  Long.  weft. 

and  (taking  the  long,  of  Madrid  at  130  f6/)  46°  31/ 

Puerto  Efpana,  in  the  bland  of  Trinidad  43  49  3 

Tobago,  the  eaftern  extremity  -  42  47  30 

Macanao,  the  weft  part  of  the  i  ft  and  St.  Margarita  46  35  30 
Panto  Araya,  in  New  Andalufia  -  46  35  30 

I (land  of  Coche,  eaftern  extremity  -  46  12 

Bocca  de  Drago  (not  certain)  -  44  23 

Cabo  de  tres  Puntas  -  44  34 

Caraccas  a  la  Trinite  io°  31'  f  latitude,  very  good, 

I  (hall  here  aifo  mention,  that  neither  wind,  (forms, 
the  earthquake,  have  had  the  leaf!  influence  on  the  regular 
daily  variation  in  the  ftate  of  the  barometer;  and  that,  ac¬ 
cording  to  C.  Richard,  this  daily  variation  amounts  at  Su¬ 
rinam  to  two  lines. 

Thcfe  observations  are  the  more  interefting,  as  all  the  charts 
of  this  part  of  the  world  are  very  incorrect ;  and  the  agree¬ 
ment  of  my  longitude  of  Ten er iff  and  Tobago,  with  the  ob- 
fervations  of  Borda  and  Chabert,  within  from  in  to  o* 
time,  is  a  proof  of  the  excellence  of  my  chronometers. 

The  ferenity  of  the  nights  between  the  tropics  gave  me  an 
opportunity  of  comparing  with  each  other  the  ftrength  of  the 
light  of  the  auftralftars;  which  in  fome  of  them,  fuch  as 
the  Crane,  Altar,  Toucan,  and  the  Foot  of  the  Centaur,  feeing 
to  have  changed  flnce  the  time  of  La  Cable.  I  employed 
the  method  propofed  by  Dr.  IXerfehel,  and  diaphragms  of 
the  fame  kind  as  thofe  ufed  for  the  .  fatellites.  If  the  light  of 
Sirius  he  fuppofed  equal  to  100  parts,  and  that  of  Procyon  88, 
the  light  of  the  following  (tars,  according  to  my  observations; 
are  as  below  exp  refled. 


to 


Canopus 
a  in  the  Centaur 
Acbarnar 
a  in  the  Indian 
0 

a  in  the  Toucan 


Parts. 

98 

96 

94 

5° 

47 

70 


a  in  the  Phoenix 
a  in  the  Peacock 
a  in  the  Crane 
0 

y  — 
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65 

78 

Si 

75 
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LVIII.  Defcription  of  a  portable  Barometer .  By  Dr.  J.  Gu  £~ 
bin,  of  Avignon,  Prof ef or  of  Natural  Hiflory  in  the  Cen¬ 
tral  School  of  Vauclufe ,  and  Member  of  fever al  Societies 

O  philofoplilcal  indruments  are  fo  varied  in  their  con- 
drudtion  as  barometers,  and  efpecially  the  portable  ones.  But 
if  the  latter  leave  no  room  for  improvement  in  regard  to  ex- 
adtnefs,  they  are  exceedingly  complex,  and  liable  to  be  de¬ 
ranged;  fo  that  travellers  are  often  obliged  to  renounce  the 
obfervations  they  depended  on  making  during  the  courfe  of 
their  journeys. 

It  is  very  rare  that  the  bed  barometers  are  not  either  de¬ 
ranged  or  broken  in  the  courfe  of  a  long  journey.  Nothing 
however  but  a  violent  fall  can  break  the  one  which  I  am  about 
to  defcribe.  It  may  be  tranfported  on  any  carriage,  and  along 
the  word  roads,  provided  care  be  taken  to  keep  it  inverted ; 
that  is,  with  the  cup  uppermod.  Naturalids  who  travel  dood 
in  need  of  this  fiffiple  indrument,  the  only  barometer  really 
portable  being,  that  of  Deluc,  the  condrudtion  of  which  is 
more  difficult;  and  which,  in  regard  to  obfervation,  is  liable 
to  inconveniences  which  in  mine  I  have  endeavoured  to 
avoid. 

I  diall  fay  nothing  of  a  great  number  of  other  barometers 
more  or  lefs  complex,  as  well  as  defective,  and  in  general  in¬ 
convenient  for  tranfportation.  They  all  have  faults,  which 
it  would  be  too  tedious  to  enumerate.  It  has  been  propofed 
to  ufe  for  this  purpofe  iron  tubes  with  glafs  tubes  cemented 
to  them;  but  it  has  not  been  remarked  that  the  mercury  at 
length  oxidates,  lofes  its  brilliancy,  and  adheres  partially  to 
the  tube. 

My  barometer,  the  fimpled  poffihle,  will  be  attended  with 
this  advantage,  that  it  can  be  procured  at  a  moderate  price. 
The  defcription  of  it  is  as  follows :  A,  B,  C,  (Plate  IX, 
fig.  2.)  is  a  glafs  tube  about  33  inches  in  length,  bent  from 
B  to  C  in  fuch  a  manner  as  to  leave  the  didance  of  an  inch'* 
between  its  branches. 

D  is  a  dop-cock,  made  of  iron,  ivory,  box-wood,  or  any 
other  fubdancenot  fufceptible  of  being  attacked  by  mercurv, 
and  which  ferves  for  intercepting  at  pleafure  its  padage  into 
the  cup.  Box-wood,  dipped  in  boiling  wax,  appears  to  me  very 
proper  for  making  a  good  dop-cock,  as  it  can  permit  the  mer¬ 
cury  to  pafs  between  the  cock  and  its  key-dopper  (if  the  mer¬ 
cury  contained  in  the  tube  fhould  dilate  too  much),  without 

*  from  the  Journal  de  Pbyjique ,  Frimaire  an.  10. 

*  differing 
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fuffering  if:  to  efcape  when  it  does  not  dilate.  Ivory  ftop-coeks 
are  attended  with  the  fame  advantage,  E  is  a  cylindric  cup* 
the  diameter  of  which  muft  be  known ;  about  an  inch  ap¬ 
pears  to  me  to  be  the  moft  convenient  dimenfion  for  a  baro¬ 
meter  of  this  kind. 

F  is  a  piece  of  fhamoy  leather  with  which  the  cup  is  co¬ 
vered.  It  permits  the  air  to  exercife  an  adlion  on  the  mer¬ 
cury,  and  prevents  it  from  efcaping  when  the  inftrument  is 
carried. 

After  having  boiled  the  mercury  in  the  tube,  the  cock  and 
cup  muft  be  cemented  at  the  interior’bending.  A  little  mer¬ 
cury  is  then  to  be  added,  that  it  may  float  above  the  flop- 
cock,  when  it  is  {hut  after  the  inftrument  has  been  inclined. 

It  may  readily  be  conceived  that  the  interior  diameter  of 
the  long  tube,  and  that  of  the  cup,  being  known,  the  greateft 
precifion  may  be  obtained  when  they  are  perfectly  cylindric  ; 
for,  the  diameter  of  the  two  cylinders  being  known,  the  ratio 
of  their  folidity  may  be  known  * . 

Thofe  who  wifh  to  avoid  the  trouble  of  this  Abort  calcula¬ 
tion  may  cement  to  the  ftop-cock  a  very  large  cup;  and 
then  the  error  occafioned  by  the  elevation  of  the  level  of  the 
mercury  will  be  a  very  fmall  fraction  of  a  line,  even  if  the 
barometer  fhould  defeend  feveral  inches. 

In  cafe  it  may  not  be  thought  proper  to  adapt  to  the  flop- 
cock  a  large  cup,  which  would  render  the  barometer  much 
heavier,  nothing  will  be  neceflary  but  to  meafure  the  height 
of  the  mercury  above  the  line  of  the  level,  and  to  fubtract  it 
from  that  of  the  mercury  in  the  long  tube.  Let  us  fuppofe, 
for  example,  that  the  barometer  marks  23  in.  6  lin.  and  that 
the  mercury  in  the  tube  is  elevated  only  one  line;  the  re¬ 
mainder  will  be  23  in.  5  lin.  for  the  height  of  the  mercury. 

By  taking  a  view  of  the  height  of  the  barometer,  without 
making  the  leaft  calculation,  it  will  be  eafv  to  devife  how  the 
fcale  may  be  graduated  fo  as  to  make  this  corredlion  needlefs, 

A  nonius,  to  indicate  the  W-th  or  even  TL_th  a’ line  may 
be  adapted  to  this  inftrument;  but  the  variations  in  the  up¬ 
per  ft  rata  of  the  atmofphere  are  too  wedl  known  to  admit  of 
our  having  recourfe  to  fo  exadf  a  graduation  in  the  meafuring 
of  heights.  Ought  we  not  to  conlider  as  very  eorredt  a  baro¬ 
meter  that  indicates  T-0th  of  a  line  ?  The  errors  in  the  meafure- 

*  Let  us  fuppofe  that  the  diameter  of  the  barometric  tube  is  two  lines, 
and  that  of  the  cup  twelve,  the  afeenfion  of  the  mercury  in  the  cup  will  be 
to  the  depreffion  of  that  in  the  tube  as  the  fquare  of  the  furfaces ;  which 
in  this  cafe  is  as  a  to  144,  or  1  to  36.  When  the  barometer  indicates 
2$  inches.,  we  muft  thenfubtradl  from  that  height  1-3 6th,  that  is  to  fay,- a 
line,  and  we  ihali  liave  the  real  height,  1 4  inches  11  lines. 
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ment  of  great  heights  arife  rather  from  the  unequal  denfitieg 
of  the  ft  rat  a  of  the  atmofphere,  and  the  attraction  of  the  mer- 
cury  in  the  tube,  than  from  defeCls  in  the  fubdivifion.  A  ba¬ 
rometer  will  always  be  pretty  good,  if  the  mercury  it  contains 
is  well  purified  and  dry;  and  if  it  has  been  boiled  in  the 
tube  ;  if  the  tube  is  at  leaft  |tlis  of  a  line  in  diameter  ;  if,  by  a 
proper  conftruClion,  the  air  is  prevented  from  introducing  it- 
ielf  into  it,  no  twith  (landing  the  agitation  it  is  expofed  to  in 
the  courfe  of  a  long  journey  ;  and,  in  particular,  if  the  inter¬ 
val  between  the  furface  of  the  mercury  contained  in  the  tube 
and  that  in  the  cup  can  be  exactly  meafured. 

This  barometer  differs  very  little  from  that  of  Deluc;  but 
it  is  much  ftmpler  in  the  conftruClion,  and  lefs  expenftve. 
The  cup  which  I  have  fubftituted  for  the  tube,  covered  with 
leather,  ferves  to  retain  a  little  mercury  in  the  refervoir,  that 
no  vacuum  may  remain  between  the  ftop-cock  and  the  bend¬ 
ing,  when  the  barometer  is  inclined  for  the  purpofe  of  being 
tranfported.  As  it  is  not  deep,  and  has  a  cylindric  form,  it 
may  be  eafily  cleaned  in  cafe  the  metal  fhould  become  oxi¬ 
dated.  Deluc  acknowledges  that  his  barometer  is  inconve¬ 
nient  for  daily  obfervation.  The  one  here  defcribed  has  not 
the  fame  fault.  It  is  both  portable  and  fit  for  the  clofet.  I 
have  already  faid  that,  neglecting  all  correction,  the  error  re- 
fufting  from  the  difference  of  the  levels  would  amount  onlv  to 
T\d— a  difference  which  may  be  negleCted  in  making  meteo¬ 
rological  oblervations. 

One  of  the  greateft  advantages  of  this  inftrument  is,  that  it 
may  be  rendered  comparative,  by  choofing  tubes  of  about  two 
lines  diameter,  and  cylinders  of  an  inch.  It  is  of  no  im¬ 
portance  whether  a  cup-barometer  maintains  itfelf  a  little 
higher  or  a  little  lower  than  a  fyphon  one,  if  the  depreffion  is 
conftant,  and  its  progrefs  regular.  I  have  carried  both  baro¬ 
meters  on  mountains  more  than  1800  toifcs  in  height. 

I  made  a  great  many  experiments  on  this  fubjeCf  on 
Mount  Ventoux.  Mine  I  cpnfefs  always  maintained  itfelf  a 
line  lower;  but  was  this  depreffion  of  a  line  a  fault  of  the 
cup-barometer,  or  did  the  fault  confift  in  the  greater  eleva¬ 
tion  of  the  other?  I  do  not  know  whether  the  folution  of 
this  problem  would  be  favourable  to  Deluc’s  barometer,  or 
tp  mine. 

If  the  barometric  obfervations  do  not  require  too  much 
time  and  preparation;  and  if  a  fimple,  ftrong,  and  cheap 
conftruClion  fupply  the  place  of  complex  inftruments  liable 
to  he  deranged  ;  I  can  affert  that  all  thefe  advantages  are 
united  in  this  barometer,  by  means  of  which  correCl  obferva¬ 
tions  may  be  made,  which  will  fupply  our  feientifie  inftitu- 

tiona 
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tions  with  portable  and  comparative  inftruments,  and  with 
which  the  level  of  the  whole  furface  of  France  might  be  takei* 
without  any  fenlible  error,  and  without  having  recourfe  to 
long  and  tedious  operations.  The  fociety  of  Manheim  fent 
meteorological  inftruments  to  various  diltant  obfervers ;  but 
the  conftrudtion  of  them  rendered  this  excellent  plan  fruit- 
lefs  ;  as  the  barometers,  when  they  arrived,  were  all  brokea 
or  deranged. 

Would  it  not  be  of  advantage  to  fcience,  if  the  French  go¬ 
vernment  would  fend  to  all  the  fchools,  learned  focieties,  and 
other  eftablifhments,  barometers,  by  means  of  which  com¬ 
parative  meteorological  tables  might  be  conftrudted ;  by 
which  the  height  of  the  mountains  and  different  portions 
might  be  afcertained,  and  valuable  obfervations  made,  which 
have  been  omitted  in  rnoft  topographical  furveys,  or  have 
been  made  fo  badly,  in  confequence  of  the  inacTuracy  of  the 
barometers,  that  no  dependance  can  be  placed  on  them  ? 

The  advancement  of  philofophy  and  natural  liiftory  is  the 
objedt  I  propofed  in  publifhing  thefe  refledtions.  Compara¬ 
tive  obfervations  might  render  the  ftudy  of  meteorology  lefs 
drv  and  more  agreeable.  The  want  of  corredt  obfervations  is 
the  caufe  of  our  being  as  yet  fo  little  acquainted  with  the 
extent  of  the  variations  in  the  atmofphere,  the  point  of  their 
maximum  or  minimum,  &c.  &c.  There  is  reafon  to  think 
that  fuch  data  would  increafe  the  probability  of  meteorologi¬ 
cal  prognoftication,  and  render  more  interefting  a  branch  of 
natural  philofophy  yet  little  known.  The  correfponding 
heights  of  mountains  and  plains  might  be  of  great  fervice  to 
the  geologift,  and  enable  him  to  reiolve  the  moft  curious 
problems. 

P.  S.  I  have  learnt,  from  C.  Dolomieu,  that  profeffor  Pic¬ 
tet  employed  a  barometer  nearly  fimilar  to  that  here  de¬ 
scribed.  But  as  I  am  unacquainted  with  that  inftrument,  and 
have  ufed  mine  in  journeys  for  four  years  without  its  being 
deranged,  I  publifh  this  defcription  of  it  with  confidence, 
being  perfuaded  that  it  may  be  of  ufe  to  philofophers  and  na,-? 
turalilts*. 
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L!X.  Anatomical  Obfervations  on  the  Structure  of  the  Orni - 
ihorynchus  Paradoxus.  By  J.  F.  Blumenbach,  Pro- 
fe/Jor  of  Medicine  at  Gottingen,  and  Member  of  the  Me¬ 
dical  Society  of  Paris 

rTP 

J.  HE  fpecimeii  of  this  animal  in  my  poffeffion  is  about 
59  inches  in  length;  the  head  is  4  inches;  the  tail  nearly 
the  fame  ;  and  the  neck  and  trunk  10  inches  f. 

It  is  covered  with  two  kinds  of  hair.  The  interior  gray, 
fhort,  and  very  foft,  like  down ;  that  on  the  outfide,  mixed 
with  others  longer  and  differ,  brownifh  on  the  back,  and  yel~ 
lowifh  on  the  belly. 

The  limbs  are  fhort.  The  fore  feet  are  about  inches 
In  length ;  the  hind  feet  are  fomewhat  longer.  The  feet 
have  five  toes,  palmated  ( natatorii ).  The  natatory  mem¬ 
branes  of  the  fore  feet  are  very  broad,  not  inferted  between 
the  toes,  but  attached  below  them,  fo  as  to  be  better  calcu¬ 
lated  for  diving. 

The  tail  flat,  and  covered  with  (tiff  hair  like  bridles. 

But  what  appears  mod  lingular  and  anomalous  is  the  con¬ 
formation  of  the  head,  being  furnifhed  with  a  broad  beak 
refembling  that  of  a  duck.  The  mandibles,  fpatula-formed, 
are  flat.  The  upper  one,  about  2  inches  in  length,  and 
i~d  in  breadth. 

Thefe  mandibles  are  covered  with  a  coriaceous  membrane, 
which  extends  to  the  corners  of  their  aperture. 

The  under  mandible,  which  is  narrower  than  the  upper, 
Isferrated  ( a ,  fig.  1.  Plate  IX.)  on  the  edges,  as  is  the  cafe  in 
a  duck’s  bill.  The  palate  is  furrowed  acrofs. 

My  fpeeimen  is  deftitute  of  teeth,  like  that  defcribed  by 
Dr.  Shaw ;  but  I  have  lately  been  informed,  in  a  letter  from 
Sir  Jofeph  Banks,  that  in  another  fpeeimen  two  fmall  dentes 
molares  have  been  found  on  each  fide  of  each  mandible. 

The  whole  beak  at  the  root  is  edged  with  an  undulated 
membranaceous  border  running  acrofs  it  ( b ). 

*  From  Mi  moires  de  lx  Societe  Medicate  d  Exnidation,  quafrieme  annee. 
f  ’Dr,  Bobba,  a  very  refpeftable  phyfician  now  refident  at  Gottingen, 
had  before  fent  us  a  very  interefting  note  on  the  ornithorynckus  paradoxus , 
in  which  he  fays  that  there  are  three  fpecimens  in  Great  Britain  fimilar  to 
that  in  the  polfelfion  of  profelfor  Blumenbach  ;  viz.  one  in  the  Britifh 
Mufseum  ;  one  in  the  poffeilion  of  Mr,  Dobfon,an  amateur  of  natural  his¬ 
tory  at  London  ;  and  a  third  in  the  univerfity  of  Edinburgh.  But  the 
information  he  fent  us  having  been  already  publilhed  in  the  Bulletin  des 
Sciences ,  we  did  not  think  it  necelfary  to  infert  it  in  this  work.  We  have 
confined  ourfelves  therefore  to  thefe  new  obfervations  of  profelfor  Blumen- 
bach.  —Note  of  the  French  Editor. 
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The  conformation  of  the  cranium,  taken  from  the  occi¬ 
pital  condyli  (cdf  and  the  intermaxillary  bones  ( ef) ,  has, 
on  the  firfi;  view,  a  great  refemblance  to  that  of  the  duck. 
The  bones  of  the  ileul  1  are  divided  by  no  futures  3  but  the  in¬ 
terior  chamber  of  the  brain  is  divided  by  an  offeous  hook  (g) 
running  lengthwife,  which  is  found  in  no  other  quadruped 
and  fimilar  to  that  of  the  tetrao  urogallus. 

What  feems  to  be  highly  worthy  of  notice,  however,  is 
the  remarkable  apparatus  of  the  nerves  of  the  fecond  branch 
of  the  fifth  pair,  and  the  diftribution  of  it  in  three  regions  of 
the  coriaceous  membrane  which  furrounds  the  beak.  The 
nerve  (h)  which  proceeds  from  the  lower  orbital  foramen 
goes  to  the  tranfverfe  edge :  the  other  (z),  which  iflues  be¬ 
hind  the  intermaxillary  bones,  is  diftributed  on  the  labial 
edges:  the  third  ( k ),  which  iflues  from  the  fynchondrofis, 
that  divides  the  anterior  hooked  legs  of  the  intermaxillary 
bones,  proceeds  to  the  integument  of  the  beak. 

Comparing  this  large  apparatus  of  maxillary  nerves,  with 
which  nature  has  provided  this  coriaceous  integument,  and 
the  like  ftrudhire  of  the  duck’s  bill,  there  can  fcarcely  be  a 
doubt  that  this  highly  fenfible  membrane,  which  furrounds 
the  beak,  ferves,  in  a  very  particular  manner,  in  the  ornitho - 
rynchus ,  as  in  aquatic  birds,  for  the  purpofes  of  feeling,  by¬ 
means  of  which  thefe  animals  can  fearch  for  their  food  in 
muddy  places,  where  neither  fight  nor  fmell  can  be  of  any 
nfe  to  them  in  that  refpedf.  Hence  the  eyes  of  the  ornitho - 
rynchus  are  very  fmall,  but  the  noftrils  (lm)  exceedingly 
broad. 

This  wonderful  animal,  therefore,  affords  an  exception  to 
the  order  of  the  internal  fenfes  affigned  to  quadrupeds  by 
Buffon  f ,  who  fays  :  (( In  quadrupeds,  fmell  is  the  firft  of 
fenfes ;  tafte  is  the  fecond 3  or  rather,  thefe  two  form  only 
one :  fight  is  the  third 3  hearing  the  fourth  3  and  feeling  the 
laft.” 

In  the  annexed  figure,  one  of  the  bones  of  the  fkull  is  re*- 
prefented  broken,  that  the  interior  of  the  chamber  of  the 
brain  may  be  feen.  N,  denotes  the  orbita;  O,  the  zygoma; 
P  Q,  the  proceffus  molares  of  each  mandible.  The  other 
parts  will  be  underftood  from  the  preceding  defeription. 

*  I  once  found,  but  the  inftance  is  very  rare,  a  fimilar  otfeoushook  in  the 
cranium  of  a  woman  about  thirty  years  of  age. 

f  Hiftoire  des  Oifeaux,  tom.  1.  p.  48. 
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LX.  On  the  Analyjis  of  Wine,  By  C.  C H  A  r T  A  L * 


[Concluded  from  p.  142.] 


OW  that  we  are  acquainted  with  the  faults  in  the  con- 
ftruftion  of  the  diftilling  apparatus,  let  us  try  to  make  an  ap¬ 
plication  of  it  in  order  to  improve  the  knowledge  we  have 
acquired  in  regard  to  di filiation,  and  the  art  of  managing 
the  tire. 


It  appears  to  me  that  the  whole  art  of  diftilling  may  be 
reduced  to  the  three  following  principles  : 

1  ft.  To  heat  at  once,  and  in  an  uniform  manner,  all  the 
points  of  the  mafs  of  the  liquid. 

2d,  To  remove  all  thofe  obftaeles  which  may  confine  the 
pfcent  of  the  vapours. 

3d,  To  effect  the  condenfation  as  fpeedily  as  poffible. 

To  fulfil  the  firft  condition,  it  will  be  neceffary  that  the 
vnafs  of  the  liquid  fhould  have  little  depth  ;  and  this  requires 
that  the  bottom  of  the  boiler  fhould  prefent  a  very  large  fur- 
face,  that  the  fire  may  be  applied  in  a  great  many  points. 

The  bottom  of  the  ftill  ought  to  be  a  little  bent  inwards. 
This  form  is  attended  with  two  advantages  :  the  firft  is,  that 
by  thefe  means  the  fuel  is  at  an  equal  diftance  from  every 
point  of  it,  and  that  the  heat  is  uniform  throughout ;  the 
Second  is,  that  by  this  conftruftion  the  bottom  of  the  boiler 
has  more  Strength,  and  the  matters  which  may  be  depofited  at 
the  bottom  of  the  liquor  are  thrown  to  the  angles  which  reft 
on  the  malon  work,  and  where,  confequently,  it  is  lefs  dan¬ 
gerous.  When  this  depofit  falls  upon  parts  immediately 
jexpofed  to  the  direct  aftion  of  the  heat,  it  forms  a  cruft, 
which  prevents  the  liquor  from  being  in  contact  with  the 
part  of  the  boiler  covered  by  it,  and  the  fire  then  burns  the 
metal.  This  inconvenience  is  not  to  be  feared,  if  the  depofit 
by  the  curved  form  of  the  bottom  is  thrown  into  the  angles, 
where  it  is  withdrawal  from  the  direft  aftion  of  the  heat. 

The  fire  nmft  be  made  to  circulate  around  the  boiler  by 
means  of  a  Spiral  chimney;  in  which  cafe  none  of  the  heat 
will  be  loft,  as  the  whole  liquid  is  furrounded  by  it,  and  ex¬ 
po  feci  to  its  aft-ion  in  an  uniform  manner. 

'That  the  column  of  fleam  which  rifes  may  experience  no 
O'bftacle  in  its  afcent,  the  tides  of  the  boiler  ought  to  rife  in 
a  perpendicular  direction  ;  and  the  fleam  mutt  be  maintained 
at  the  fame  degree  of  expantion  till  it  has  reached  the  refrige¬ 
ratory.  But  the  fteam  rifing  freely,  and  being  condenfed  by 
coming  into  contaft  with  the  cool  Tides  of  the  capital,  would 
fall  back  into  the  boiler  or  body  of  the  ftill,  if  the  fides  were 
6  not 
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not  inclined  in  fuch  a  manner  as  to  make  the  drops  of  the 
liquid,  which  attach  themfelves  to  them,  trickle  down  into 
the  gutter  which  conveys  them  into  the  worm.  I  have  found 
by  calculation  that  this  inclination  ought  to  be  at  leaft  75  de¬ 
grees  to  the  horizon.  It  is  alfo  neceffary  that  the  water  of 
the  refrigeratory  fhould  be  frequently  renewed  ;  otherwife  it 
will  foon  acquire  the  temperature  of  the  fleam,  and  be  no 
longer  able  to  condenfe  it. 

Though  thefe  principles  in  regard  to  dill  illation  are  incon- 
teftable,  lome  modifications  muft  be  made  in  them  for  the 
purpofe  of  facilitating  the  operation  :  by  giving  to  the  aperture 
of  the  boiler  a  diameter  equal  to  that  or  file  bafe,  the  capital 
becomes  very  wide ;  it  is  confequently  neceffary  to  give  it 
a  confiderable  height,  that  its  fides  may  have  the  inclination 
of  73  degrees.  This  confirubtion  is  attended  with  two  great 
inconveniences  :  the  firft  is,  that  it  renders  the  capital  heavy, 
cl  unify,  and  expenfive ;  the  fecond,  that  it  makes  it  difficult 
to  give  to  the  upper  edges  of  the  boiler  that  ftrength  neceffary 
to  withftand  the  effort  of  the  capital.  Thefe  confederations 
induced  me  to  make  fome  changes  in  the  above  conftrubfion. 
Thefe  changes  all  relate  to  the  form  of  the  boiler:  I  make 
the  fides  to  projebh  a  little  as  they  rife,  and  then  bring  them 
nearer  to  each  other  towards  the  top,  in  fuch  a  manner  that 
the  diameter*of  the  aperture  may  correfpond  to  that  of  the 
bottoni.  This  form  removes  the  two  effects  above  mentioned, 
and  has  the  advantage  of  presenting'  a  border  at  the  upper  part, 
againft  which  the  bubbles  arifing  from  too  ftrong  an  ebullition 
may  be  broken,  and  thrown  back  to  the  centre  of  the  boiler. 

Befides  this  change  in  the  form  of  the  boiler,  I  thought  it 
proper  to  take  away  the  refrigeratory  with  which  the  capital 
was  covered,  and  which  was  attended  with  the  inconvenience 
of  cooling  the  fleam,  and  forming  a  cloud  of  vapour  in  the 
infide,  which  oppofes  its  further  afcenfion. 

It  may  be  obferved,  that  in  diftiliing  by  means  of  a  retort 
in  a  fand-bath,  it  will  be  fufficient  to  apply  a  cool  body  to 
the  retort  to  produce  this  effect :  Arias  are  immediately  feen 
formed  on  the  fides,  and  the  liquor  falls  to  the  bottom  of  the 
retort. 

If  I  at  firfl  propofed  to  preferve  the  refrigeratory,  it  was 
becaufe  I  afcribed  to  it  a  part  of  the  effects  -which  depended 
011  a  proper  confirubtion  of  the  furnace.  I,  however,  after¬ 
wards  found  that  a  ftill  greater  effebt  was  obtained  by  fup- 
preffing  the  refrigeratory.  Befides,  this  change  was  more 
economical,  and  occafioned  lefs  embarraflinent. 

After  this  I  conceived  that  the  great  art  of  condenfing  the 
vapours  was  confined  to  enlarging  the  beak  of  the  capital, 
Vol,  XI.  A  a  '  and 
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and  carefully  cooling  the  worm.  By  thefe  means  the  va¬ 
pours  efcape  from  the  hill  with  greater  facility,  as  they  are 
admitted  into  the  worm  by  the  fpeedy  condensation  of  thofe 
which  preceded  them. 

Thefe  different  improvements  began  to  be  introduced  into 
Languedoc  about  fifteen  years  ago.  The  brothers  Argand 
greatly  contributed  to  make  them  be  adopted.  They  firft 
eftablifihed  hills  according  to  thefe  principles,  and  found  them 
attended  with  So  much  Saving,  in  regard  to  time  and  fuel, 
that  from  the  refults  of  comparative  experiments  it  has  been 
eftimated  at  four-fifths. 

I  have  myfelf  Superintended  Several  eftabli fitments  of  this 
kind,  where  the  fame  principles  were  adopted.  In  my  opi¬ 
nion,  it  is  hardly  poflible  to  carry  improvement  any  further; 
and  it  is  to  be  wifhed  that  this  method  of  diftillation  Should 
become  general. 

But  it  is  not  fo  much  to  the  form  of  the  apparatus  as  to 
the  conftrubtion  of  the  fire-place,  and  the  proper  manage¬ 
ment  of  the  fire,  that  thefe  extraordinary  effeffs  are  to  be 
afcribed.  The  pofterior  edge  of  the  grate  ought  to  corre¬ 
spond  to  the  middle  of  the  bottom  of  the  boiler,  that  the 
flame  may  fall  upon  and  heat  the  whole  bottom  in  an  uni¬ 
form  manner.  The  diftamce  between  the  boiler  and  the 
grate  ought  to  be  from  1 6  to  18  inches  when  coals  are  em¬ 
ployed  ;  and  the  chimney  ought  to  be  Spiral. 

Befides  Saving  in  regard  to  time,  fuel,  labour,  8cc.  this 
form  of  apparatus  has  an  influence  on  the  quality  of  the 
Spirit.  It  is  far  Sweeter  than  any  other,  and  has  no  empy'reu- 
roatic  tafte ;  which  is  a  fault  almoff  infeparable  from  the  com¬ 
mon  fpirits  ufed  in  commerce  :  this  quality,  which  renders 
Spirits  of  this  kind  fo  fuperior  to  others,  had  almoff  become 
caufe  of  their  being  rej ebbed,  becaufe  the  inhabitants  of  the 
north,  whofe  principal  beverage  this  liquor  is-,  found  it  too 
fweet.  It  was  therefore  neceffary  to  mix  it  with  burrk  Spirit, 
in  order  to  give  it  a  good  name.  This  fiery  tafte  may  be 
eafily  communicated  to  it  by  maintaining  the  diftillation  be¬ 
yond  the  uftial  time.  The  liquor  which  paffes  over  towards 
the  end  of  the  operation  has  evidently  a  burnt  tafte. 

In  the  arts,  it  is  neceffary  to. humour  the  tafte  and  even 
the  caprice  of  the  confumer  ;  and  what  among  us  is  rejected 
in  consequence  of  its  bad  tafte,  may  appear  exquifite  and  de¬ 
licious  to  an  inhabitant  of  the  north.  Burning  liquors, 
which  in  the  north  might  be  accounted  weak,  are  too  pow¬ 
erful  for  the  fenfible  nerves  of  the  inhabitants  of  the  South. 
Montefquieu  has  obferved  with  great  ingenuity,  that  to  give 
a  Mufcovite  fenfibility  you  muff  flay  him. 
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By  the  comparative  experiments  I  have  been  able  to 
make  I  am  convinced  that  a  little  more  fpirit  is  obtained  by 
this  method  than  by  the  old  one  ;  the  caufe  of  which  is, 
that  the  fpirit  iflues  cool  from  the  apparatus,  and  fuftains  no 
lois  by  evaporation.  The  diftilieries  therefore  in  which  this 
improved  apparatus  is  employed  have  no  feniible  fmell  of  the 
fpirit. 

When  wines  are  diftilled,  the  operation  is  carried  on  till 
the  moment  when  the  liquor  which  paiTes  is  no  longer  in¬ 
flammable. 

Wines  furnifh  more  or  lefs  fpirit.,  according  to  their  de¬ 
gree  of  ftrength.  Very  generous  wine  furnifhes  a  third  of 
its  weight.  The  mean  term  of  the  product  of  our  wines  in 
the  fou th  is  a  fourth  of  the  whole  :  there  are  feme  which 
furnifh  a  third. 

Old  wines  give  better  fpirit  than  the  new  ;  but  they  fur- 
nifli  a  lefs  quantity,  efpeciaily  when  the  decompofition  of 
the  faccharine  body  has  been  terminated  before  the  diftil- 
lation. 

What  remains  in  the  boiler  after  the  fpirit  is  extracted  is 
called  vlnaffe :  it  is  a  confuted  mixture  of  tartar,  colouring 
matter,  dregs,  &c.  This  refiduum  is  thrown  away  as  ufe- 
Icfs;  yet  by  drying  it  in  the  air,  or  in  a  ftove,  very  pure  alkali 
might  be  extracted  from  it  by  combuftion. 

In  fome  diftilieries  the  vinafe  is  acidified,  in  order  to  be 
di Hilled,  and  to  extract  from  it  the  little  vinegar  that  has 
been  formed  in  it. 

The  fpirit  is  ftronger  according  as  it  is  mixed  with  a  greater 
or  lefs  quantity  of  water  ;  and  as  it  is  of  importance  in  com¬ 
merce  to  be  able  to  afcertain  eaiily  the  degrees  of  ftrength, 
many  refearches  have  been  made  to  difcover  the  means  of 
determining  it. 

The  diftiller  judges  of  the  ftrength  of  the  fpirit  by  the 
number,  fize,  and  permanency  of  the  bubbles  which  are 
formed  when  the  liquor  is  fhaken  :  for  this  purpofe  he  pours 
it  from  one  veflel  into  another,  lets  it  fall  from  a  certain 
height,  or,  what  is  more  common,  puts  it  into  a.  long  flalk, 
which  is  filled  two-thirds,  and  then  {hakes  it  violently,  keep¬ 
ing  the  mouth  {hut  with  his  finger.  This  laft  apparatus  is 
called  in  French  la  fonde* 

The  proof  by  combuftion,  in  whatever  manner  performed, 
is  very  defective.  The  regulation  of  1729  prefcribes  putting 
gunpowder  into  a  fpoon,  covering  it  with  liquor,  and  fetting 
fire  to  it.  The  fpirit,  if  it  inflame  the  powder,  is  confidered 
to  be  of  the  fir  ft  quality  :  when  the  contrary  happens,  it  is 
bad.  But  liquor  of  the  fame  quality  inflames,  or  does  not  in— 

A  a  2  flame. 
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flame,  according  to  the  proportion  employed.  A  final!  quan¬ 
tity  always  inflames  ;  a  large  one  never,  becaufe  the  water 
which  the  liquor  leaves  is  then  fufficient  to  moiften  the  gun¬ 
powder,  and  to  fccure  it  from  inflammation. 

Recourfe  has  been  had  to  fait  of  tartar  (carbonate  of  pot- 
afli)  for  trying  the  ftrength  of  fpirits.  This  alkali  difl’olves  in 
water,  but  not  in  alcohol,  fo  that  the  latter  floats  on  the  folu- 
tion  which  is  formed. 

Tbefe  methods,  more  or  lefs  defective,  have  rendered  it 
neceflary  to  try  other  means  capable  of  determining  the 
ftrength  of  fpirit,  by  afeertaining  the  fpeciflc  gravity. 

A  drop  of  oil  poured  upon  alcohol  fixes  ltfelf  on  the  fur- 
face,  or  is  precipitated  to  the  bottom,  according  to  the  de¬ 
gree  of  the  ftrength  of  the  liquor.  This  method  was  pro- 
poled,  and  adopted  by  the  Spanifh  government  in  1770  *. 
it  formed  the  object  of  a  regulation  ;  but  it  is  liable  to  error, 
flnee  the  effedt  depends  on  the  height  of  the  fall,  the  gravity 
of  the  oil,  the  fize  of  the  drop,  the  temperature  of  the  atmo* 
fphere,  the  dimenfions  of  the  veflels,  &c. 

In  17 72-  this  important  object  was  refumed  by  two  able 
philofophers,  Borie  and  Poujet,  of  Cette,  who  made  known 
to  the  diftillers  of  Languedoc  a  new  areometer,  which  they 
adopted.  They  applied  to  it  a  thermometer,  the  different 
degrees  of  which  indicate  at  every  inftant  the  corredtions 
that  ought  to  be  made  in  the  graduation  of  the  areometer,  in 
confequence  of  the  very  variable  temperature  of  the  atmo- 
fphere.* 

By  the  help  of  this  areometer,  not  only  may  the  degree 
of  ftrength  be  ascertained,  but  the  fpirit  may  be  carried  to 
any  point  required;  for  this  purpofe  different  weights  are 
provided.  The  heavieft  is  marked  Dutch  proof \  the  lighteit 
three- fevenths  :  if  the  weight  marked  Dutch  proof  be  there¬ 
fore  ferewed  to  the  lower  extremity  of  the  .thank,  and  if  the 
inftrument  be  immerfed  in  liquor  of  three- fevenths,  it  will 
fink  a  great  deal  too  much  ;  but  it  may  be  brought  back  to 
Dutch  proof  by  adding  four-fevenths  of  water. 

On  the  other  hand,  if  the  weight  three- fevenths  be  ferewed 
to  the  thank,  and  if  the  areometer  be  then  immerfed  in 
liquor  Dutch  proof,  it  will  rife  above  the  laft  term,  and  may 
be  eafily  brought  back  to  that  degree  by  adding  ftronger  al¬ 
cohol. 

When  fpirit  is  diflilled  for  the  purpofe  of  extraditing  al¬ 
cohol  from  it,  a  balneum  marlee  is  commonly  employed  ; 
the  heat  is  then  more  gentle,  and  more  uniform,  and  the 
product  of  the  diflillation  is  of  a  better  quality  :  this  product 
is  the  common,  fpirit  of  wine  ufed  in  commerce. 

3d,  Tartar . 
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3d,,  Tartar.  Tartar  exifts  in  verjuice:  it  is  found  alfo  in 
muft  :  it  concurs  to  facilitate  the  formation  of  alcohol,  as  we 
have  already  obferved  from'  the  experiments  of  Bullion.  Ft 
depofits  itfelf  on  the  tides  of  the  calks  in  eonfequence  of  reft, 
and  forms  there  a  cruft  of  greater  or  let’s  thicknefs,  rough, 
with  cryftals  very  badly  determined.  Some  time  before  the 
vintage,  when  the  veil  els  are  getting  ready  for  receiving  it, 
the  calks  are  opened,  and  the  tartar  is  taken  out,  to  be  em¬ 
ployed  in  commerce  and  for  various  other  purpofes. 

Tartar  is  not  furnifhed  by  all  wines  in  the  fame  propor¬ 
tion.  Red  wines  give  more  than  the  white.  The  higheft 
coloured  and  thickcft  generally  give  the  mod. 

The  colour  of  the  tartar  alfo  varies  very  much,  and  it  is 
called  red  or  white ,  according  as  it  is  produced  from  either 
of  thefe  wines. 

This  fait  is  very  little  foluble  in  cold  water:  it  is  much 
more  fo  in  boiling  water.  It  fcarcely  diffolves  in  the  mouth, 
and  refills  the  preffure  of  the  teeth. 

It  is  freed  from  its  colouring  principle  by  a  ft m pie  procefs, 
and  is  then  known  under  the  name  of  cream  of  tartar .  For 
this  purpofe  it  is  dilfolved  in  boiling  water,  and,  when  the 
water  is  faturated,  the  folution  is  put  into  earthen  vellels  to 
cool :  as  it  cools,  it  precipitates  a  ftratum  of  cryftals  which 
are  already  almoft  free  from  colour.  Thefe  cryftals  are  again 
diffolved  in  boiling  water:  four  or  five  per  cent,  of  an  argil¬ 
laceous  and  fandy  kind  of  earth,  found  at  Murviel,  near 
Montpellier,  is  diffufed  through  the  folution,  and  it  is  then 
evaporated  to  a  pellicle.  On  cooling,  it  precipitates  white 
cryftals,  which  being  expofed  in  the  open  air  on  cloths  for 
lome  days,  acquire  that  whitenefs  which  belongs  to  cream  of 
tartar.  The  mother-waters  are  referved  for  being  employed 
in  new  folutions.  Such  is  the  method  p  radii  fed  at  Mont¬ 
pellier  and  in  its  environs,  where  the  principal  part  of  the 
inanufadlories  of  cream  of  tartar  are  eftablilhed. 

The  tartar  is  employed  alfo  as  a  flux  :  it  is  attended  with 
the  double  advantage  of  furniihing  the  carbon  neceffary  for 
the  deoxygenation  of  the  metals,  and  alfo  alkali,  which  is  one 
of  the  heft  fluxes  known. 

Tartar  is  purified  alfo  by  calcination.  Its  acid  is  decom- 

pofed  and  deftroyed  by  this  procefs,  and  there  remains  then 

nothing  but  the  alkali  and  the  charcoal :  the  alkali  is  diffolved 
,  < _ > 

m  water,  the  liquor  is  filtered,  and,  being  then  concentrated, 
that  fait  known  in  the  (hops  under  the  name  of  fait  of  tartar , 
or  carbonate  of  potajh ,  is  obtained. 

The  alkali  furnifhed  by  tartar  amounts  only  to  one-fourth 
cf  its  weight. 

A  a  3  4th, 
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4th,  Extractive  matter.  The  extractive  principle  abounds 
in  muft.  It  appears  to  be  diftblved  in  it  by  the  help  of  the 
ftfgar ;  but  when  the  fermentation  changes  the  nature  of 
the  faccharine  principle,  the  extractive  matter  fenfibly  de- 
creafes.  A  portion  brought  back  then  alrnoft  to  the  (fate  of 
fibrine  matter  is  precipitated:  the  depolit  is  the  more  fen- 
fible  as  the  fermentation  (lackens,  and  as  the  alcohol  is  more 
abundant.  This  is  what  conftitutes  in  particular  the  lees. 
Thefe  lees  are  always  mixed  with  a  pretty  confiderable  quan  ¬ 
tity  of  tartar,  which  it  envelops. 

There  always  exifts  in  wine  a  portion  of  extractive  matter 
which  is  in  perfect  folution,  and  from  which  it  may  be  freed 
by  evaporation.  It  is  more  abundant  in  new  wines  than  in 
old.  The  older  they  grow,  they  feem  to  be  the  more  com¬ 
pletely  freed  from  it, 

Thefe  lees,  after  being  dried  in  the  fun  or  in  a  ftove,  are 
well  prefled,  and  then  burnt,  to  extract  that  fort  of  alkali 
called  in  commerce  wood  afhes.  The  com  bu  ft  ion  is  efteded 
in  a  furnace,  the  (ides  of  which  are  railed  in  proportion  as  it 
takes  place  :  the  refiduum  is  a  porous  mafs,  of  a  greenifli  gray 
colour,  which  forms  about  the  thirtieth  part  of  the  lees  burnt. 

Wines  are  freed  from  thefe  lees  by  drawing  them  oft,  in 
order  to  preferve  them  from  acid  degeneration. 

5th>  Aroma.  All  natural  wines  have  an  odour  more  or  Iefs 
agreeable.  There  are  fome,  even,  which  are  indebted  for  a 
great  part  of  their  reputation  to  the  agreeable  odour  they 
exhale.  This  as  the  cafe  with  Burgundy  wine.  This  per¬ 
fume  is  loft  by  too  tumultuous  a  fermentation :  it  becomes 
ffronger  by  age.  It  rarely  exifts  in  very  generous  wines; 
either  becaufe  it  is  concealed  by  the  ftrong  odour  of  alcohol, 
-or  becaufe  the  ftrong  fermentation  which  has  been  neceflary 
to  develop  the  fpirit  has  extinguifhed  or  diftipated  it.  This 
aroma  does  not  appear  fufceptible  of  being  extracted,  to  be 
communicated  at  pleafure  to  other  fubftauces.  Heat  even 
feems  to  deftroy  it;  for,  except  the  firft  liquid  which  pafies 
over  by  di (filiation,  and  which  retains  a  little  of  the  odour 
peculiar  to  wine,  the  fpirit  which  comes  after  has  no  longer 
the  characters  that  eflentially  belong  to  it. 

6th,  The  colouring  principle ,  The  colouring  principle  of 
wine  exifts  in  the  pellicle  of  the  grapes.  When  the  muft  is 
fermented  without  the  fkins,  the  wine  is  white.  This  co¬ 
louring;  principle  does  not  diftblve  in  the  vintage  but  when 
the  alcohol  is  developed  in  it;  and  it  is  only  then  that  the 
wine  becomes  coloured.  The  colour  is-  ftronger  according 
as  the  fermentation  has  been  more  tumultuous,  or  as  it  has 
been  left  longer  in  the  vat.  Mere  preftfure  of  the  grapes  by 
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treading  them,  if  done  with  care,  may  mix  with  muft  a  quan¬ 
tity  of  colouring  matter  fufficient  to  make  the  mats  afTume  a 
very  intenfe  colour.  When  it  is  required  to  obtain  wine  free 
from  colour,  the  grapes  are  collected  while  the  dew  is  upon 
them,  and  they  are  trod  as  little  as  poffible. 

The  colouring  principle  is  in  part  precipitated  in  the  calks 
along  with  the  tartar  and  the  lees  ;  and  when  the  wine  is 
old,  it  is  not  uncommon  to  fee  it  entirely  free  from  colour. 
The  colour  then  depolits  itfelf  in  pellicles  011  the  hides  of  the 
veflels,  or  at  the  bottom  :  it  is  feen  floating  in  the  liquid  like 
films,  which  render  it  turbid. 

If  bottles  filled  with  wine  be  expofed  to  the  fun,  a  few 
days  will  be  fufficient  to  precipitate  the  colouring  matter  in 
large  pellicles;  and  the  wine  lofes  neither  its  perfume  nor 
its  qualities.  I  have  often  made  this  experiment  on  the  old 
highly  coloured  wines  of  the  fouth. 

To  precipitate  the  principle  of  the  colour,  nothing  is  ne- 
ceflary  but  to  pour  lime  water  into  the  wine.  In  this  cafe, 
the  lime  combines  with  the  malic  acid  and  forms  a  fait, 
which  appears  in  the  liquor  under  the  form  ol  light  flakes,. 
Thefe  flakes  gradually  depofit  themfelves,  and  carry  with, 
them  all  the  colouring  principle.  The  depofit  is  black'or 
white,  according  to  the  colour  of  the  wine  employed  for  the 
operation.  It  often  happens  that  wine  is  fufceptible  of  form¬ 
ing  a  precipitate,  though  it  has  been  completely  freed  from 
its  colour  by  a  firft  depofit;  which  proves  that  the  principle 
of  the  colour  has  ftrong  affinity  to  malate  of  lime.  The  co¬ 
loured  precipitate  is  infoluble  both  in  cold  and  in  warm 
water.  This  liquid  even  produces  no  change  in  the  colour. 
Alcohol  has  fcarcely  any  efleCt  upon  it,  only  it  acquires  from 
it  a  flight  tint  of  brown. 

The  nitric  acid  difiblves  the  colouring  principle  of  this 
precipitate. 

When  wine  has  been  reduced  to  the  ftate  of  extraCf,  the 
alcohol  poured  over  it  -becomes  ftrongly  coloured,  as  well  as 
the  water,  though  in  a  lei's  degree.  But,  befides  the  colour¬ 
ing  principle  which  is  then  diflolved,  there  is  alfo  a  faccha- 
rine  extractive  principle  which  facilitates  the  folution. 

The  colouring  principle,  then,  does  not  appear  to  be  of 
the  nature  of  refins;  it  prefents  all  the  characters  belonging 
to  a  very  numerous  clals  of  vegetable  preduds,  which  ap¬ 
proach  very  near  to  feculaey  without  having  all  their  proper¬ 
ties.  The  greater  part  of  colouring  principles  are  of  this 
kind  :  they  are  foluble  by  the  abidance  of  extractive  matter, 
and  when  freed  from  this  medium  they  become  fixed  in  a 
lafiing  manner. 

A  a  4  LXI.  Some 
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LXI.  Some  Account  of  C.  Fourcroy. 

The  following  account  of  this  chemift  is  extracted  from. 
Schmeiffers  BeytrJge  zur  naheren  kentniffe  des  gegenwiirtigen 
Zujlandes  der  W if  fend:  often  in  Prankreich. 

6e  Fourcroy ,  who,  as  I  believe,  is  the  firft  public  teacher  of 
the  modern  cherniflry  in  Europe,  is  fo  well  known  to  the 
literary  world  bv  the  fervice  he  has  rendered  to  that  fcience, 
and  by  the  many  excellent  works  he  has  written  on  the 
fubjebt,  that  I  can  no  further  contribute  to  extending  his  fame 
than  by  alluring  the  public  that  this  meritorious  man,  notwith- 
fiandingthe  employment  he  has  as  a  member  of  the  Council 
of  Elders,  continues  to  cultivate  his  favourite  purfuit  with 
unabated  zeal. 

“  He  indeed  continues  to  lecture  on  chemhlry  with  great 
zeal  ;  and  his  deep  knowledge  of  the  fcience  has  been  fo 
much  enriched  by  the  rapid  progrefs  it  has  lately  made,  that 
the  great  ftore  of  facts  he  poffefles,  and  which  he  explains  to 
a  crowded  audience  with  great  elegance  and  beauty  of  lan¬ 
guage,  often  obliges  him  to  exceed  the  time  be  ufually  allots 
for  that  purpofe.  I,  however,  never  found  that  he  either  fell 
fhort  of  matter,  or  that  the  patience  of  his  hearers  was  ex^ 
haufted,  though  he  reads  every  day,  and  on  fome  days  three 
lectures,  on  different  branches  of  chemiftry. 

E  When  we  reflect  on  the  various  labours  which  his  public 
duties  require,  it  may  readily  be  conceived  how  few  unoc¬ 
cupied  hours  he  has  left  for  his  daily  lectures  and  chemical 
experiments.  The  principal  places  which  he  occupies  are 
the  following  :  he  is  a  member  of  the  Council  of  Elders  and 
of  the  National  Inftitute  ;  of  the  Society  for  promoting  the 
Arts  and  Sciences;  of  the  Council  of  Health;  profefl'or  of 
chemiftry  in  the  Republican  Lyceum,  at  theNational  Mufeum 
of  Natural  Hiftory,  and  the  General  School  of  Arts.  His  in¬ 
defatigable  affiftant' Vauquelin,  whofe  head  and  hands  are 
entirely  employed  with  experiments,  fupplies  him  with 
abundance  of  chemical  difcoveries,  which  he  either  confirms 
or  has  made  himfelf. 

“  Sometimes  I  paid  an  early  vifit  to  Fourcroy  at  his  own 
houfe :  for  this  was  the  only  time  I  could  have  an  opportunity 
of  converfing  with  him  on  chemical  ihbje&s.  I  always  met 
with  the  poll tefb  reception,  and  always  found  him  ready  to 
enter  on  a  difcuffion  of  topics  relating* to  our  favourite  ftudy. 

c‘  I  faw  C.  Fourcroy’s  own  chemical  laboratory,  and  the 
ball  in  which  he  gives  ledtures  on  natural  hiftory.  It  is  not 
very  large,  but  well  fitted  for  his  purpofe,  and  furnifhed  with, 
apparatus  and  every  other  thing  that  can  ferve  for  illuftrating 
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his  lectures.  I  found  him  much  employed  at  his  own  houfe 
on  that  part  of  chemiftry  which  he  has  engaged  to  write  for 
the  new  Encyclopedic,  and  which,  as  I  law  by  his  manu- 
fcript,  is  nearly  finifhed,  and  will  no  doubt  meet  with  the 
approbation  of  the  public.  He  informed  me,  that  as  foon 
as  this  work  was  completed  he  intended  to  begin  another,  viz, 
A  Hiftory  of  the  Revolution  effected  in  France  in  regard  to 
Chemiftry,  and  the  Foundation  of  the  Theory  refpedling  the 
different  Kinds  of  Gales.  Fourcroy  was  one  of  thofe  who 
chiefly  contributed  to  the  eftablifhment  of  thofe  learned  in- 
ftitutions  and  fchools  which  at  prefent  exift  at  Paris,  and  he 
ftill  labours  for  their  improvement.  Flis  principal  works  are; 
An  Effay  on  the  Difeafes  of  Artifts,  by  Ramazzini,  1777, 
i2mo.  The  Principles  of  Chemiftry,  2  vols.  8vo.  of  which 
there  have  been  feveral  editions  :  the  laft  confifts  of  eight 
volumes.  The  Principles  of  Chemiftry,  for  the  Ufe  of  the 
Veterinary  School,  2  parts,  i6mo.  A  Treatife  on  the  aci¬ 
dulous  Springs  of  Engheim.  A  ColleHion  of  Memoirs  in 
Chemiftry,  8vo.  The  Art  of  knowing  and  employing  Me¬ 
dicines,  2  vols.  i2mc.  On  the  Improvement  of  Medicine 
by  the  Phyfieal  Sciences,  1792  and  1793,  4  vols.  8vo„ 
The  Philofophy  of  Chemiftry.  And  many  {ingle  papers  in 
the  Memoirs  of  the  Academy  of  Sciences  and  the  Annals  of 
the  Society  of  Medicine;  fome  public  orations  on  the  fci- 
ences,  and  a  few  diflertations-on  faltpetre. 

cc  Fourcroy  is  a  man  about  40  years  of  age*,  of  an  agreeable 
afpect,  and  great  activity.  At  prefent  he  is  fo  much  engaged 
with  public  bufinefs,  that  he  has  little  time  left  for  domeftic 
enjoyment ;  he  has  therefore  fent  his  wife  to  a  country  re« 
treat,  and  placed  his  eldeft  fon  under  the  care  of  his  friend 
Vauquelin,  at  whofe  houfe  he  enjoys  the  inftrudtion  of  Stanv, 
c4  Fourcroy  in  the  courfe  of  his  converfation  feemedto  have 
a  great  attachment  to  England,  on  account  of  the  great  pro- 
grefs  which  the  fciences  have  made  in  that  country,  and  he 
often  exprefled  a  defire  of  paying  a  vifit  to  it  on  the  reftoration 
of  peace. ” 
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o  N  the  24th  of  December  was  read  a  paper  on  fric¬ 
tion,  by  Mr.  Southern.  He  made  a  number  of  experi¬ 
ments  0n  the  motions  of  large  grindftones  revolving  with 
great  rapidity,  and  afcertained  the  power  of  fridlion  on  their 
fixes  from  the  number  of  revolutions  which  they  performed 

*  This  was  written  in  1797. 
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when  fet  in  motion  with  various  velocities.  He  confiders 
the  refults  as  fully  confirming  Mr.  Vince’s  principles,  that 
fridtion  is  a  uniformly  retarding  force ;  although  the  refin¬ 
ance  of  the  air  and  other  accidental  circumftances  introduced 
great  irregularities  into  the  experiments.  He  found  this  force 
equal  to  about  1-40U1  of  the  weight:  the  fteel  fpindles  run¬ 
ning  on  brafs,  with  the  interposition  of  an  iincfuous  fubftance. 

The  Society  adjourned  to  Thurfday  the  14th  of  January, 
when  an  algebraical  paper  was  read,  of  which  we  can  give  no 
idea  in  a  (liort  notice. 

A  paper,  by  Smith  Gibbs,  Efq.  on  galvanifm,  has  alfo 
been  read  before  the  Society ;  but  we  have  occupied  fo  large 
a  portion  of  our  prefent  Number  with  that  fubjedt,  that  we 
cannot  at  prefent  enter  upon  it. 

ACADEMY  OF  THE  USEFUL  SCIENCES  AT  ERFURT. 

The  Academy  of  the  IJfeful  Sciences  at  Erfurt,  in  eonfe- 
quence  of  a  prize  of  thirty  ducats,  offered  by  an  anonymous 
friend  of  chemiftry,  have  propofed  the  following  queftion  : 
What  ufeful  application  can  be  made  in  chemiitry  and  the 
arts  of  the  temperatures  below  zero  of  Reaumur ;  and  how 
far  is  it  poffible  to  lower  the  temperature  by  artificial  means  ? 
The  Society  wifhes  that  thofe  who  undertake  to  anfwer  this 
queftion  will  repeat  the  experiments  of  Lowitz,  Fourcroy,  See. 
and  examine  whether  a  much  greater  degree  of  cold  than  any 
yet  found  may  be  produced  by  changing  the  proportions  of 
the  mixtures,  employing  them  in  greater  quantity,  by  new' 
mixtures,  or  by  placing  more  refrigeratory  veflels  within 
each  other,  and, where  it  can  be  done,  by  making  experiments 
in  a  rarefied  atmofphere  :  alfo  to  examine  the  influence  of 
low  temperatures  on  the  different  gafes  fliut  up  with  fpirit  of 
wine;  and  to  obferve  their  mixture,  where  poffible,  in  a 
com  prefled  ft  ate ;  and  their  influence  alfo  on  liquids,  on 
folid  bodies,  and  on  the  galvanic  phaenomena :  and,  in  the 
laft  place,  to  fhow  what  employment  may  be  made  of  the 
low  temperatures  in  the  arts  and  manufadtures. 

The  papers  on  this  fubjedt  mull  be  tranfmitted  to  profeflfor 
Bellerman,  the  fecretary  of  the  academy,  before  the  end  of 
April  1802;  three  months  after  which  the  prize  will  be  ad- 
judged. 

FRENCH  NATIONAL  INSTITUTE. 

The  National  Inftitute  of  France  having  been  formed  dur¬ 
ing  the  war,  the  nomination  of  the  foreign  affociates,  infti- 
tuted  by  the  fecond  article  of  the  law  of  3d  Brumaire 
(Odf .  25.)  year  4,  was  fufpended.  As  peace  has  removed 
This  fufpenfion,  in  the  General  Sitting,  which  brings  to¬ 
gether,  on  the  5th  of  each  month,  the  three  dalles  of  the 
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Tnftitute,  each  of  them  prefented  the  names  of  three  candi¬ 
dates;  from  which  the  Infiitute,  on  the  5th  Nivofe  (36th  De¬ 
cember)  were  to  choofe  a  fir  ft  affociate  for  each  clafs. 

The  three  candidates  prefented  by  the  clafs  of  the  Mathe¬ 
matical  and  Phyfical  Sciences  are.  Sir  Jofeph  Banks,  Dr.  MaU 
kelyne,  and  Dr.  Herfchel. 

The  three  candidates  of  the  Moral  and  Political  Sciences-— 
Mr.  JefFerfon,  Prefident  of  the  United  States,  Major  Rennel, 
Count  Rumford. 

The  three  candidates  named  by  the  Clafs  of  Literature  and 
the  Fine  Arts  are,  M.  Haydn,  Mr.  Sheridan,  and  Klopliock. 

Each  clafs,  in  order  to  prefent  its  three  candidates  for 
Me  Hi  on  to  the  three  dalles  united,  was  itfelf  obliged  to  eleH 
from  a  greater  number  of  candidates  prefented  to  it  by  a  com- 
million  comnofed  of  a  member  from  each  fedfion.  The  lift 
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of  the  candidates  propoled  to  each  clafs  by  the  commiffion 
was  as  follows  : — 

For  the  firft  clafs — Dr.  Mafkelyne,  Mr.  Watt,  Dr.  Her¬ 
fchel,  Dr.  Prieftley,  Mr.Cavendifh,  ProfelTor  Vo' da,  Sir  Jo¬ 
feph  Banks,  ProfelTor  Pallas,  Mafcagni,  Arthur  Young,  Efq. 

For  the  fecond  clafs — Mr.  Jefferfon,  Count  Rumford, 
Norman,  Kant,  Herder,  Sir  John  Dalrymple,  ProfelTor  Du- 
gald  Stuart,  Sir  John  Sinclair,  Fbling,  Arthur  Young,  Efq. 
Rhabec,  Marini,  Gaetano,  Librarian  of  the  Vatican,  Cham- 
pomann,  Lardizobal,  David  Ramfay,  Niebuhr,  Horne  Tooke, 
Mr.  Fox. 

For  the  third  clafs — Arnold,  Cannova  the  Italian  fculp- 
tor,  Calderari,  Cefarotti,  Italian  poet;  Haydn,  celebrated 
mufician  ;  Hevne,  Klopftock,  Merian,  of  the  Academy  of 
Berlin;  Sergelle,  a  Swede;  Sarti,  celebrated  Italian  mufi- 
cian  ;  Mr.  Sheridan,  Horne  Tooke. 

In  the  General  Sitting,  on  the  26th  of  December,  the  In- 
ftitute  proceeded  to  the  election  of  the  three  affociated  mem¬ 
bers;  when  Mr.  Jefferfon,  Prefident  of  the-United  States  of 
America,  was  ehofen  for  the  Clafs  of  Moral  and  Political 
Science.  Major  Rennel  had  157  votes,  and  Count  Rum- 
ford  169. 

For  the  clafs  of  Phyfical  and  Mathematical  Science,  Sir 
Jofeph  Banks,  Prefident  of  the  Royal  Society  of  London, 
was  nominated ;  and  for  the  Clafs  of  Literature  and  the 
Fine  Arts,  M.  Haydn. 

Account  of  the  labours  of  the  Clafs  of  the  Mathematical  and 

Fhyjical  Sciences  during  the  firft  quarter  of  the  year  10. 

Head  hy  C.  Delambre,  fecretary . 

AJironomy. — The  ftar  difeovered  about  a  year  ago  by  Pi- 
azzi  at  Palermo  has  hitherto  efcaped  the  relearches  of  all 
aftronomers.  Similar,  in  regard  to  the  fplendour  of  its  light, 
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to  a  ftar  of  the  feventh  or  eighth  magnitude,  it  exhibited 
none  of  thofe  appearances  that  ferve  to  diftinguifh  comets. 
In  colour  it  refembled  Jupiter;  and,  from  obfervations  made 
in  the  meridian  by  M.  Piazzi  and  his  affiftant  M.  Caccia- 
tore,  it  would  feem  that  this  ftar  is  a  planet,  the  orbit  of 
which  gives  reafon  to  fuppofe  that  its  revolution  is  performed 
in  four  vears  and  a  half,  or  five  years.  Towards  the  end  of 
Pluviofcj  as  this  Par  palled  the  meridian  too  early,  it  ceaied  to 
be  vifible ;  andM.  Piazzi,  affifted  by  Cacciatore  and  Cariotti, 
both  endowed  with  excellent  light,  and  well  acquainted  with 
the  heavens,  endeavoured  to  find  it,  but  in  vain,  both  with 
a  night-glafs  and  an  achromatic  telefcope  of  a  large  aper¬ 
ture.  It  needs  therefore  excite  no  furprile  that,  nine  months 
after,  all  the  aftronomers  of  Europe  fhould  have  failed  in  their 
refearches,  fince  to  the  difficulty  of  the  thing  itfelf  there  was 
added  an  uncertainty  of  fome  degrees  refpedling  the  exact  place 
where  it  was  necelfary  to  fearch  for  this  liar,  as  the  ele¬ 
ments  of  its  orbit,  calculated  on  too  fmall  an  arc,  cannot, 
after  fo  long  an  interval,  give,  in  a  Efficiently  correct  man¬ 
ner,  the  geocentric  places.  Befides,  the  heavens  have  been 
aim  oft  always  cloudy  ;  and  to  be  able  to  hope  for  fuccefs,  it 
would  be  neceffary,  confidering  the  fmall  lize  of  this  ftar,  to 
make  a  correct  enumeration  of  all  the  ftars  from  the  feventh 
to  the  ninth  magnitude  in  the  neighbourhood  of  which  it 
may  appear,  and  to  repeat  the  examination  of  them  every  day 
until  the  fmall  planet  fhould  difcover  itfelf  by  its  motion.  It 
will  foon  be  under  the  fame  circumftances  in  which  it  was  at 
the  time  of  its  difcovery ;  and  if  the  heavens  fhould  become 
more  ferene,  we  may  ftill  retain  fome  hope.  ‘ 

Winter  Solflice  of  the  year  10.  (Dec.  i  Sot  -The  wea¬ 
ther,  fo  unfavourable  to  the  refearches  made  to  obferve  Pi- 
azzfts  planet,  was  no  lefs  fo  to  the  determination  of  the  fol- 
flitial  altitude  of  the  fun,  which  was  conftantly  concealed 
from  the  19th  to  the  26th  of  December;  that  is  to  fay,  dur¬ 
ing  thofe  days  on  which  the  moft  conclufive  obfervations 
could  have,  been  made.  However,  by  colle&ing  thofe  made 
on  the  preceding  and  following  days,  C.  Delambre.  was  able 
to  form  nine  feries  of  zenith  diftances,  obferved  by  Borda’s 
circle,  which  gave  him  for  mean  refult  an  apparent  obliquity 
of  23 0  aB'  3".  This  quantity  holds  nearly  a  mean  place  be¬ 
tween  thofe  found  feveral  vears  ago  by  the  winter  folftices  on 
the  one  hand,  and  the  fummer  folftices  on  the  other.  On  this 
Qccafion  the  obfervation  made  at  the  winter  folftice  ap¬ 
proached  very  near  that  made  at  the  fummer  folftice.  It  is 
well  known,  that  for  a  long  time  paft  all  aftronomers  who 
have  employed  themfelves  in  determining  the  obliquity  of  the 
ecliptic  have  always  found  feveral  feconds  lefs  in  winter 
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than  in  fummer.  On  this  occafion,  however,  the  obfervation 
made  at  the  winter  folftice  approached  very  near  to  that  made 
at  the  fummer  folftice.  We  {hall  not  attempt  to  explain  the 
caufe.  We  {hall  content  ourfelves  with  mentioning  the  fadt : 
but  we  muft  add,  that,  according  as  the  thermometer  bv 
which  the  refraction  is  corrected  is  poftted  within  or  without 
the  obfervatory,  or  near  the  telefcope,  there  will  be  a  fecond 
lets  or  more  in  the  above  determination  for  which  the  mean 
of  thefe  thermometer's  was  taken. 

The  phyftcal  part  was  read  by  Lacepede,  fecretary. 

A  commiffion,  confiding  of  Laplace,  Coulomb,  Halle, 
Monge,  &c.  having  been  appointed  to  examine  the  phe¬ 
nomena  of  galvanifm,  and  to  repeat  the  experiments  of  pro- 
feftor  Vrolta,  they  communicated  the  refuit  in  a  report,  in 
which  thev  explained  the  theory,  and  its  identity  with  elec¬ 
tricity.  (For  this  report,  fee  page  30 1.) 


LXIII.  Intelligence  and  MiJ'cellaneous  Articles . 

January  1802. 

MINING. 

H  E  profped  of  peace  has  made  confiderable  alteration 
in  the  views  of  the  miners  of  Cornwall  and  Devon.  The  ex- 
peHed  redudlioii  in  the  prices  of  the  articles  of  which  fuch 
vaft  quantities  are  confirmed  in  their  works,  as  timber,  gun¬ 
powder,  iron,  &c.  and.  the  probable  increafe  in  the  value  of 
tin  at  lead,  and  perhaps  of  copper,  have  given  peculiar  energy 
to  the  carrying  on  the  prefent  mines,  and  to  exertions  for 
new  difcoveries.  Perhaps  the  fpirit  of  adventure  in  thefe  un¬ 
dertakings  was  never  much  higher. 

Among  the  new  difcoveries  is  that  of  a  courfe  of  copper 
ore,  in  the  eaftern  part  of  Wheal  Fortune  mine,  in  the 
parifh  of  Gwennap,  Cornwall,  And  the  fame  has  been 
found  to  extend  into  the  infant  concern  of  W'heal  Friend- 
ftfip,  a  mine  adjoining  on  the  fame  lode.  Penandrea,  un¬ 
der  the  town  of  Redruth,  is  throwing  up  a  good  deal  both  of 
tin  and  copper,  and  the  extenfive  mines  of  North  Downs  are 
laid  to  be  rich  in  the  upper  levels,  though  the  bottoms  have 
been  flopped  now  for  fome  time. 

A  new  copper  mine  is  going  on  fouth  of  Wheal  For¬ 
tune,  called  Wheal  Girl,  and  the  old  and  great  mine  Wheal 
Bufy,  which  formerly  has  produced  fo  much  tin  and  copper 
in  intimate  mixture,  it  is  reported  will  fpeedily  be  put  in 
courfe  of  working. 

On  the  eaftern  borders  of  Cornwall,  and  in  the  part  of 
Devon  adjoining,  mining  has  within  a  fhort  time  been  con- 
fiderably  extended.  Wheal  Crowndale,  in  the  parifh  of 
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Tavidock,  lately  difcovcred,  is  already  producing  a  con- 
liderable  quantity  of  copper  ore,  as  alio  are  fome  other 
mines  of  not  long  {landing  in  the  neighbourhood.  A  new 
mine  is  going  on,  on  Wheal  Crowndale  lode,  to  the  weft  of 
that  concern.  -  , 

Among  minerals  found  of  late,  may  be  mentioned  fiuate 
of  lime ,  cryftalHzed  in  cubes,  produced  in  fine  pieces  from 
Gunnis-Lake  mine  (copper  lode  running  in  granite)  on  the 
Cornwall  banks  of  the  Tamar,  and  fome  fpecimens  of  fcaly 
iron  ore  incumbent  on  cryftals  of  quartz  from  Wheal  Crown- 
dale.  Some  quantity  of  the  rare  fpecies  of  floors  cryftallized 
in  tetrahedral  prifms  has  of  late  been  collected  from  the  wafte 
at  the  old  lead  and  diver  mines,  not  now  at  work,  at  Beerfuris 
in  Devon. 

ANTIQUES. 

Mr.  Holland,  the  architect,  is  in  poffeffion  of  a  fine  col¬ 
lection  of  antique  fragments  purchafed  for  him  at  Rome  by 
Mr.  Tatham  previous  to  the  revolution.  It  confids  of  fome 
of  the  beft  fpecimens  of  ornamental  fculpture,  and  may 
therefore  be  confidered  as  an  acquifition  to  the  country,  as 
the  dudy  of  fuch  models  ferves  in  an  eminent  degree  to  form 
a  correct  tafte  in  ftudents  of  architecture. 


Dr.  Garnett’s  Ledtures  on  Zoonomia,  or  the  laws  of  animal 
life,  which  commenced  on  Wednefday,  the  2Cth  of  January, 
have  excited  confiderable  attention,  on  account  of  the  novelty 
of  the  fubjedt.  In  the  firft  ledture,  Dr.  Garnett  gave  a  ge¬ 
neral  defeription  of  the  human  body,  confidered  as  a  machine 
confiding  of  bones  and  mufcles,  for  the  purpofes  of  motion, 
at  the  indance  of  its  intelligent  principle.  He  likewife  con- 
iidered  the  various  theories  of  fen  fat  ion  and  rnufcular  motion, 
and  concluded  the  ledture  with  fome  galvanic  experiments, 

which  feemed  to  (how  that  eledlricitv  has  a  confiderable  (bare 

* 

in  producing  theiiDphaenomena . 

In  the  fecond  ledture,  which  was  delivered  on  Saturday 
lad,  he  proceeded  to  confider  the  nature  of  refpiration,  and 
the  caufe  of  animal  heat.  At  the  requed  of  feveral  friends 
in  the  City,  he  intends  to  deliver  this  courfe  in  Cornhijl  every 
Wednefday  evening;.  — — — 

A.  and  C.  R.  Aikin  will  begin  a  courfe  of  evening  lectures 
on  various  chemical  manufadtures,  and  the  outlines  of  general 
chemidry,  on  Monday  the  fird  of  March  next. 

The  ledtures  will  be  twenty-eight  in  number,  and  will  be 
given  every  Monday  and  Friday,  at  the  Alderfgate  Street 
General  Difpenfary. 

Further  particulars  may  be  learned  at  Mr.-  Aikin’s,  No.  4? 
Broad  Street  Buildings. 
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